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PREFACE 

This manual has been written to supply the need which has been felt 
in this country for a long time of a book containing descriptions of the 
common invertebrate animals, by means of which their names and affinities 
can be determined. Excellent general manuals with analytical keys for 
the identification of the common insects already exist, but a person wishing 
to identify animals belonging to most of the other invertebrate groups 
must usually have recourse to technical papers and treatises which are 
for the most part inaccessible except to specialists. The book is intended 
more particularly for use in the eastern and central portions of the United 
States and Canada, and the endeavor has been made to include in it most 
of the common invertebrates except insects occurring in this region. In 
addition to these, representative species occurring in the western states and 
on the Pacific slope are included, as are also other species to which some 
special interest attaches and which are found in other parts of the world. 
Animals which inhabit the deep sea have not been included except in special 
cases where they are representative of their particular groups. 

The general plan of the book is similar to that of Leunis' Zoologie, 
a standard German work which has for two generations supplied the need 
of a general synopsis of animals in Europe, and has been extensively 
used elsewhere throughout the world. As in that work, the analytical 
tables and descriptions of species of each of the larger groups of animals 
are preceded by a morphological description of the group together with 
some account of the habits and distribution of the animals. In these 
descriptions all the technical terms appearing in the tables are explained. 
References to the principal authorities upon which the descriptions are 
based are given in footnotes, as are also references to important treatises 
and monographs which have appeared on the animals described. 

A knowledge of the historical basis of zoological names adds greatly 
to their significance and the author has consequently given a history 
of the nomenclature of each of the larger subdivisions of the animal 
kingdom in connection with the morphological description of it. A history 
of the general development of the system of classification since the pub- 
lication of the tenth edition of Linnaeus' Sy sterna Naturae and a brief 
survey of the progress of zoological studies in America are added in the 
Introduction. 
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PREFACE 

An important object aimed at in these historical notes is to give the 
student of American animals a background for his knowledge of zoological 
names. In order to attain this object still more fully, brief biographical 
notices of the authors of these names, in so far as they appear in this work, 
have been introduced at the end of the book. 

In the choice of the scientific names of the animals described the author 
has endeavored to follow the best usage. He has usually conformed to 
the laws of priority established by the International Commission of Nomen- 
clature, and has adopted the rulings of the Commission where such have 
been made. In a few cases, however, these laws have been disregarded, as, 
for instance, in the case of Amoeba, Holothuria, and Physalia, and for the 
reason that it seems probable that in such cases the scientific names of the 
animals which are now in common use will by common consent be retained. 
The author has no desire to be an innovator in this book in the use of 
zoological names, but wishes only to use those which will probably in the 
future be the names of the animals described. 

The name of the author of each species and genus follows the first 
mention of it in the descriptions, as is customary, and in those cases in 
which the author originally placed his species in some other genus than 
the one here employed, his name is in parentheses. Wherever an author's 
name appears more than once in the same genus it is usually abbreviated 
after the first occurrence. No other abbreviations occur in the text except 
in the case of Linnaeus. In all cases where his name appears as the author 
of a generic or specific name it is abbreviated to "L." 

The illustrations which have been introduced have been copied mostly 
from textbooks, special treatises, and monographs, for the use of which 
hearty thanks are here extended to their authors, whose names appear in 
parentheses after the titles of the figures. Thanks are also due to the 
following publishers for permission to make these copies: Doubleday, 
Page & Company, Gustav Fischer, Ginn & Company, Henry Holt & Com- 
pany, The Macmillan Company, and The Whitaker & Ray-Wiggin Company. 

In compiling this book the author has utilized every source of informa- 
tion within his reach and is consequently under obligations to very many 
people and their published works. His personal obligation to all those 
friends who have given valuable advice and assistance, often at the expendi- 
ture of much time and labor, is very great indeed. The following are those 
to whom he feels a special indebtedness: Mr. Nathan Banks, Dr. H. L. 
Clark, Prof. W. R. Coe, Dr. C. B. Davenport, Prof. J. H. Gerould, Prof. 
L. von Graff, Prof. C. W. Hargitt, Prof. G. T. Hargitt, Prof. J. S. Kingsley, 
Prof. R. von Lendenfeld (deceased), Prof. A. Looss, Dr. M. M. Metcalf, 
Prof. E. L. Mark, Prof. S. 0. Mast, Prof. J. P. Moore, Dr. T. Odhner, 
Dr. A. E. Ortmann, Prof. R. C. Osburn, Dr. H. A. Pilsbry, Prof. A. A. 
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Schaeffer, Mr. E. L. Shaffer, Dr. C. W. Stiles, Dr. F. B. Sumner, Prof. 
A. L. Treadwell, Dr. T. W. Vaughan, Prof. D. D. Whitney, Prof. H. H. 
Wilder, Prof. S. R. Williams, Prof. H. V. Wilson, and Prof. R. H. Wolcott. 
The author wishes to thank Prof. J. P. Givler of Southwestern College 
for assistance in revising the proof sheets, he having read a large part of 
the text and made many corrections and useful suggestions. He also wishes 
to acknowledge his indebtedness to Prof. Ludwig von Graff of the University 
of Graz, Austria, who extended to him the use of his laboratories and 
extensive library during a residence of two semesters in that city, and whose 
unfailing courtesy and kindness will ever be gratefully remembered. His 
greatest obligation, however, in preparing this work is to Dr. Charles B. 
Davenport of Cold Spring Harbor, Long Island, at whose suggestion it 
was undertaken in the first place, and without whose constant cooperation 
from year to year during its progress it would not have been completed. 

H. S. P. 
Haverford, Venn. 
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A MANUAL 

OF THE 

COMMON INVERTEBRATE ANIMALS 

EXCLUSIVE OF INSECTS 
INTRODUCTION 

1. The Linnaan system of classifying animals.— -The foundation of 
the modern system of classifying animals was laid by Carol us Linneus 
in the tenth edition of his Systema Naturae, published in 1758. In this 
epoch-making work he first applied his fully developed binomial method 
of classification to the animal kingdom and arranged all the animals 
then known to science according to its rules into classes, orders, genera, 
and species. 

The essential feature of this system and that which was new at the 
time was the giving of two names to each species of animals, instead of 
one, or several, one of which was the specific name and the other the 
name of the next higher subdivision in the classification, the genus. The 
other important features were the precisions of the terminology employed, 
which enables the author to characterize a species in a few words, and 
the natural arrangement of the classification in which the position of 
each species indicates the degree of its genetic relationship to all the 
others. 

It is true that predecessors of Linnaeus had anticipated many features 
of his system. The idea of a species was already well fixed before his 
time, and efforts were made to characterize those then known and the new 
ones which were constantly being discovered. But the names given were 
often complex and cumbersome and no uniformity existed between the 
systems of terminology of different authors. Also the custom of giving 
two or more Latin names to a species was frequently in vogue, but a 
binomial system, with the definite relation of the specific to the generic 
name, was new. The genus, which gives the clue to the natural affinities of 
the animal, was peculiarly Linnaeus' invention. 

Attempts had also been made by Ray and Klein and other advanced 
thinkers to form a system which should express the natural relationships 

1 
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2 INTRODUCTION 

of animals, but such attempts were not generally understood or followed, 
and most authors still employed unnatural methods of arranging them. 
Many still followed Pliny and grouped animals according to their environ- 
mental conditions, placing those together having similar methods of life, 
as land animals, fresh-water animals, marine animals, flying animals, 
etc. Within each group the species were often arranged in alphabetical 
order. 

Linnaeus' system was very quickly accepted by the scientific world 
and went into universal use, and modern zoology may, in a very real sense, 
be said to begin with the year 1758. 

So radical, however, was Linnaeus' reform that neither the superiority 
of his system nor the simplicity of his terminology would probably have 
been sufficient thus to procure its instant adoption if they had not been 
proposed by a man of his great fame and commanding position in the 
world. Linnaeus was considered by his contemporaries, because of his 
numerous and important contributions to science and his eminence as a 
teacher in the University of Upsala, as the greatest naturalist of all time. 
His importance was indicated by the phrase in vogue: Deus creavit; 
Lintueus disposuit. 

The immediate acceptance of the Linnaean classification had the same 
effect upon the study of animals and plants in his day as that of Darwin's 
theory of natural selection had almost exactly one hundred years later. 
It gave a tremendous impetus to every branch of biological investigation 
and started a new era. Systematic zoology, morphology, physiology, and 
experimental zoology all attracted able investigators, who studied them 
with feverish activity. Comparative studies first became possible as now 
the facts of the science were for the first time arranged in something like 
an orderly and natural manner, and the next generation saw the rise of the 
sciences of comparative anatomy, paleontology, and comparative embry- 
ology, and also the first modern speculations on the blood relationships and 
the evolution of living things. 

All these things gave a new importance to zoology and raised it from 
the position it had occupied of a mere annex to medicine to the dignity of 
an independent science. 

Linnaeus divided the animal kingdom into six classes: Mammalia, 
Aves, Amphibia, Pisces, Insect a, and Vermes. The knowledge of this last 
class, which included all invertebrate animals except the arthropods, was 
in a very confused state and one of the chief objects of the many able 
zoologists of the generation immediately following him was to remedy this 
condition. The men whose services were greatest in this direction were 
0. F. Miiller, Lamarck, and Cuvier. In 1794 Lamarck first distinguished 
the vertebrates from the invertebrates and divided the Linnaean class 
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INTRODUCTION 3 

Vermes into the five classes of Mollusca, Insect a, Vermes, Echinodermata, 
and Polypi. Thus a long step was taken towards modernizing the system, 
and this early effort of Lamarck may be said to be the first modern classi- 
fication of animals. He, in his later works, further subdivided the inver- 
tebrate types until he had ten, the fundamental idea at the basis of his 
classification being that the various groups of animals constitute a single 
ascending series which begins with the lowest and ends with the highest. 
This principle of the unity of the type found a wide acceptance among the 
naturalists of that time and was based upon the law: Natura non facit 
saltum. 

In 1812 Cuvier published his subdivision of the animal kingdom into 
four branches or types and in 1817 his great work Le Rigne Animal, which 
established the second great reform of the system, and was destined to 
exert an influence only second to that of Linnaeus' Systema Naturae 
upon the study of animals and the development of the system. In these 
works Cuvier controverted the principle of the unity of type among ani- 
mals and taught that, instead of one, four distinct and permanent types 
prevail. It was upon these four types that he based his four fundamental 
branches of the animal kingdom: Vertebrata, Ariiculata, Mollusca and 
Zoophyta or Radiata. 

A comparison of this classification with that of Linnaeus will show 
what a tremendous advance had been made in the development of the sys- 
tem in the half -century separating them. The group of animals which 
had benefited most in this general advance was probably the Mollusca, 
which was Cuvier's special field of research. The lowest group in Cuvier's 
system, as in that of Linnaeus, was the one about which the least was 
known, the Zoophyta or Radiata, being made up of several distinct and 
heterogeneous groups of animals which bore no near relationships to one 
another. 

This condition led to an active investigation during the generation 
immediately following of all the lower animals, and a very large number 
of works of fundamental importance appeared. Rudolphi studied the 
parasitic worms, Tiedemann and L. Agassiz the anatomy and Johannes 
Muller the development of echinoderms, Ehrenberg the microscopic ani- 
mals, Eschscholtz, Sars, and others jellyfish and polyps. The knowledge 
of these two latter groups was also very much extended as the result of 
various scientific expeditions which were sent out by the French, English, 
Russian, and American governments to different parts of the world, espe- 
cially to the tropical oceans. Of these voyages perhaps the most inter- 
esting were that of the Russian ship Rurik from 1815 to 1818 in which 
Chamissp and Eschscholtz went as naturalists and discovered the alterna- 
tion of generations of Salpa, that of the English ship Beagle between 1831 
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4 INTRODUCTION 

and 1835 with Darwin as naturalist, and the American expedition under 
Captain Wilkes between 1838 and 1842 with James Dwight Dana as the 
principal naturalist. 

The influence of all these investigations, and also that of the newly 
established cellular theory of the structure of plants and animals, on the 
development of the zoological system, led to the third great reform of the 
latter. In 1845 von Siebold subdivided Courier's fourth type, the Zoophyta 
or Radiata, into three types or phyla, the Protozoa, Zoophyta, and Vermes, 
confining thus the term Zoophyta to the truly radiate animals. He also 
broke up Cuvier's second type Articulata, removing the Annelida to the 
new phylum Vermes and creating another new phylum for the Crustacea, 
Arachnida, Myriapoda, and Insecta which he called the Arthropoda. Two 
years later R. Leuckart broke up the phylum Zoophyta, subdividing it 
into the phyla Echinodermata and Ccelenterata, and emphasized the iso- 
lated position of the Protozoa, Milne-Edwards also formed still another 
new type or phylum, the Molluscoidea, in which he included the Bryozoa 
and Tunicata. The animal kingdom was thus in 1850 subdivided into 
eight phyla, the Protozoa, Ccelenterata, Echinodermata, Vermes, Arthro- 
poda, Molluscoidea, Mollusca, and Vertebrata, an arrangement which is 
still found in many textbooks. 

Darwin's Origin of Species was published in 1859 and the fourth 
and last important reform of the zoological system of classification was the 
direct consequence of the doctrines therein promulgated. The theory of 
the common descent and blood relationship of all animals which Darwin 
taught was at variance with Cuvier's theory of fixed types and in harmony 
with Lamarck's theory of the essential unity of the animal kingdom, and 
was first employed by Haeckel as the basis of a system of classification. 
In 1877 he called attention to the need of placing the entire system on an 
evolutionary basis and at the same time subdivided the animal kingdom 
into the two great groups of the Protozoa and the Metazoa, and the 
latter into the two great groups of the Ccelenterata and the Cozlomata. In 
still more recent times other authors, notably Hatschek, following Haeckel's 
lead, have carried the subdivision still further on the same basis. The old 
idea of types, however, has a very tenacious life and is still the basis of 
the classification of animals in most textbooks— and probably rightly so. 
For animals can, as a matter of fact, notwithstanding their ultimate 
relationships with one another, be grouped in a number of distinct types 
or phyla, each of which has a characteristic plan of structure. Cuvier's 
belief, however, that these types are fixed and isolated creations has long 
since been abandoned. 

Very important has been the formation in recent times of the phylum, 
Chordonia or Chordata, which brings under the same subdivision all the 
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animals possessing the essential characteristics of the vertebrate type. 
The formation of this phylum has been due to the fundamental researches 
of Kowalevsky, who in 1866, 1867, and 1871 gave the first detailed and 
accurate descriptions of the anatomy of Balanoglossus and also the first 
detailed account of the embryology of ascidians and of Amphioxus, show- 
ing that these animals are related to one another and to vertebrates. The 
term Chordoma was introduced in 1874 by Haeckel to include the Tuni- 
cata, Amphioxus, and the Vertebrata, and the terms Urochorda and 
Cephalochorda by Lankester in 1878 for the Tunicata and Amphioxus. . 
In 1884 Bateson, on the basis of his researches on the American form 
Balanoglossus aurantiacus, added the Enteropneusta to the Chordata and 
proposed the term Hemichorda. 

The system of zoological classification was thus fixed some twenty or 
thirty years ago and has undergone no important changes in its larger 
features since. This is not true, however, of many of the subordinate and 
smaller of its groups, the arrangement of which changes from time to 
time as the knowledge of the relationships of the animals composing them 
increases. We find this to be especially true of certain low animals 
which seem to be isolated side branches of the ancestral tree, the origin 
of which from the main stem is still obscure. 

2. The study of animals in America. —The earliest notices of Amer- 
ican animals are to be found in the numerous descriptions of the country 
and books of travel in America which were published in Europe during 
the sixteenth, seventeenth, and eighteenth centuries. In LinnaBus' twelfth 
edition over 500 species of North American animals were described, of 
which 78 were mammals and 260 were birds. Of the authors quoted 
in these descriptions perhaps the most important were Mark Catesby and 
Peter Kalm. The former was an Englishman who lived in the southern 
English colonies of America for about ten years between 1712 and 1726 
and published a large illustrated work on the natural history of the 
region. The latter was one of Linnaus' pupils who spent the years 
between 1747 and 1751 in Canada and the central English colonies col- 
lecting and studying the native animals and plants for him. Linn»us 
also obtained much information by correspondence with American nat- 
uralists, especially Dr. Alexander Garden of Charleston, Dr. John Mitchell 
of 'Virginia, and John Bartram of Philadelphia. Thus in 1766 probably 
most of the larger and more conspicuous animals of the eastern part of 
the country were known to science, as well as many insects and other 
smaller ones. 

• See "A Century's Progress In American Zoology," by A. S. Packard, Jr., Am. 
Nat Vol. 10, p. 501, 1876. "The Beginnings of American Science," by O. B. Goode, 
Ann. Rep. 8mittas. Inst, for 1897, Pt. 2, p. 400. 
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Important among the native authors of the period immediately follow- 
ing the Revolution were Thomas Jefferson, who has the distinction of 
being the only American President besides Theodore Roosevelt who has 
been interested in scientific pursuits, Benjamin Smith Barton, and William 
Bartram, the son of John, both of Philadelphia. 

One of the first general works of importance on American animals 
was Wilson's Ornithology (1808-1814). Other similar works belonging to 
nearly the same period were Bonaparte's continuation of Wilson's 
Ornithology (1825-1833), Dr. Richard Harlan's Fauna Americana (1825), 
Dr. John D. Godman's American Natural History (1826-1828), which was 
specially devoted to Mammals, and Audubon's Birds of North America 
(1828). 

During the second and third decades of the century occurred a 
remarkable scientific awakening in the country, an evidence of which was 
the publication of so many works of general interest during this time 
and also the foundation of a large number of scientific societies and 
periodicals. At the beginning of the century there were three promi- 
nent scientific societies in the country, the American Philosophical Society, 
which was founded in Philadelphia in 1743 by Benjamin Franklin, the 
American Academy of Arts and Sciences, founded in Boston in 1780 by 
John Adams, and the Connecticut Academy of Arts and Sciences, which 
was founded in New Haven in 1799. During the first quarter of the 
century many others were founded in various parts of the country, 
and in 1826 no fewer than twenty-five scientific societies were in exist- 
ence, more than half of which were interested principally in natural 
history. 

In 1812 the Philadelphia Academy of Natural Sciences was founded, 
and exercised an important influence from the start. The first volume of 
its journal appeared in 1817. Its importance in the first years of its 
existence was due largely to the labors of a single one of its members, 
Thomas Say. This talented young man joined the Academy shortly after 
its foundation and for twelve years, under its auspices, devoted himself 
exclusively to the study of the native animals, the papers he contributed 
to its journal and to other periodicals during this period being funda- 
mental for the study of American mollusks, insects, and crustaceans. 
Another brilliant member of the Academy during this period was Charles 
Alexander Lesueur, a Frenchman who joined it in 1817 and, during the 
seven years that he was a resident of Philadelphia, published many papers 
in its journal on fishes, reptiles, and marine invertebrates. 

Belonging to the same period was another remarkable man, Constan- 
tine Rafinesque. This brilliant and versatile man came to this country 
in 1802 and lived for many years in Philadelphia and in Lexington, 
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Kentucky. He was a pioneer botanist and zoologist and is now remem- 
bered by the large number of new species of mollusks and of fishes, as 
well as of plants, which he described. He is also remarkable as being the 
first American who clearly enunciated the principle of the transformation 
of species. 

Philadelphia was during this period the most important scientific 
center of the country, but it was not the only one. The interest in natural 
history was widespread and every city had its public museum of natural 
curiosities and its scientific society. The Philadelphia Museum, which was 
established by Charles Wilson Peale, and the Baltimore Museum estab- 
lished by Rembrandt Peale were especially famous. In the South the 
eminent Georgian Dr. Lewis Le Conte, father of Professor Joseph Le 
Conte, and Stephen Elliott of Charleston were prominent as naturalists, 
and in the west Dr. Robert Best had founded the Western Museum in 
Cincinnati and given the initial impulse to those scientific activities which 
have ever since distinguished that city. 

In New England the principal scientific interest was in geology and 
mineralogy. The most influential scientist was Benjamin Silliman of 
New Haven, a geologist and a chemist. In 1818 he founded the American 
Journal of Science and Art which at once became and has since remained 
one of the most influential in the country. 

The fourth and most of the fifth decades were not a period of marked 
activity in the study of American animals. The remarkable development 
of the zoological and physiological sciences in Europe under the leader- 
ship of von Baer, Johannes Miiller, Owen, Milne-Edwards and others 
apparently awakened little interest on this side of the Atlantic and the 
most important investigators were chiefly occupied with descriptions of 
shells and insects. In 1838, however, occurred an event important to 
the development of American science, for in that year the United States 
Exploring Expedition under Captain Wilkes started on its four years* 
voyage, taking as one of its naturalists James Dwight Dana. 

It was in 1846 that light at length began to appear in the general 
darkness and the way to be prepared for the important advances of later 
years in the field of natural science, for in this year the Smithsonian 
Institution, which was to become the center of most important scientific 
activities, was founded under the secretaryship of Joseph Henry, and in 
this year also Louis Agassiz came to America. 

The modern study of animals in America may be said to begin with 
the arrival of Agassiz on our shores. His great reputation and attractive 
and inspiring personality brought him at once into prominence and drew 
to him a large number of brilliant young men who wished to study animals 
under his leadership, and Cambridge and Boston soon became the most 
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important center of zoological investigation in the country. Agassiz ele- 
vated these studies to a much higher plane than they had occupied by 
placing them in close touch with European scholarship and also by broad- 
ening and extending them by the introduction of comparative embryology 
and physiology. He also founded and built up the first great zoological 
museum in the country. 

The Cambridge school did not, however, contain all the zoologists in 
the country. In 1846 James Dwight Dana, who had become a Professor 
in Yale and is now remembered rather as a geologist and a mineralogist, 
published his Report on the Zoophytes, and in 1852 his Report on the 
Crustacea of the Wilkes Expedition, both epoch-making zoological works 
and the most extensive works of a monographic nature which up to that 
time had been published by an American. In 1854 appeared the remainder 
of his report on the zoology of this Expedition. Joseph Leidy also, in 
Philadelphia, was beginning his brilliant studies of parasitic worms and 
other small animals. 

The study of shells was followed assiduously in this country during 
this period. Dr. A. A. Gould of Boston, who published the Report of 
the Mollusks of the Wilkes Expedition and also the Invertebrata of 
Massachusetts, Isaac Lea of Philadelphia and A. and W. G. Binney being 
among the most important of the many authors. The study of insects 
was likewise making important advances and T. W. Harris produced his 
Forest Insects, one of the earliest works on economic entomology. 

The most important zoological work of the sixth, seventh, and eighth 
decades of the century was undoubtedly the study of the marine animals 
of our coast by Louis Agassiz and his pupils and followers, of whom 
James McCrady, William Stimpson, Theodore Lyman, Alexander Agassiz, 
Alpheus Hyatt, H. J. Clark, and A. E. Verrill are particularly to be 
mentioned. During the same period J. L. Le Conte, Samuel Scudder, 
C. V. Riley, and A. S. Packard were engaged in the study of insects and 
in laying the foundation of the influential American school of systematic 
and economic entomology, and J. H. Comstock established the department 
of entomology at Cornell which has become a leading factor in the devel- 
opment of the science in this country. Vertebrates were also being 
studied assiduously by E. D. Cope, who in the study of fishes, amphib- 
ians, reptiles, and mammals, and by S. F. Baird and Elliott Coues, 
who, in that of birds and mammals, all produced work of fundamental 
importance. 

In December, 1873, Louis Agassiz died and with his death ended an 
important era in the history of American zoology— but only to give way 
to another more important. The distinctive school of zoological investi- 
gation which he founded continued to flourish, not only in Cambridge 
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under the leadership of Alexander Agassiz and E. L. Mark, hut also in 
Baltimore where Louis Agassiz's pupil W. K. Brooks taught in the newly 
founded Johns Hopkins University. From these two centers the scientific 
study of animals has spread to almost all the universities and other institu- 
tions of learning of the country, and the men who have gone out from them 
all year hy year in ever increasing numbers have maintained the high stand- 
ards which Agassiz represented and have today placed American scholar- 
ship in this field in the fore rank of the world's achievement 

Very important in the history of American zoology was the estab- 
lishment, a few years after the death of Louis Agassiz, of the Woods 
Hole Marine Biological Laboratory (1887), The Journal of Morphology 
(1888), and the Morphological Society (1890). These enterprises were 
due very largely to the initiative of C. 0. Whitman and brought about a 
solidarity of interest of the scientific zoologists of the country to which 
the great advances made by zoological investigation in America in recent 
years and the high rank it has attained in the world are largely due. 

Important also has been the part taken by the various scientific de- 
partments of the United States government in furthering the study of 
animals. This work was begun by the Smithsonian Institution in 1846 
and has been continued directly by it and the United States National 
Museum, the Bureau of Fisheries, the Geological and Coast Surveys, the 
Marine Hospital, and the various Bureaus in the Department of Agri- 
culture. The important scientific work carried on by these institutions 
and the great collections they have accumulated have made Washington 
today the most important scientific center in the country. 

3. Subdivisions of the animal kingdom.— The animal kingdom con- 
tains in this book eight subkingdoms or phyla. Several of these are sub- 
divided into subphyla, and all the phyla and subphyla into classes. The 
classes are made up of orders, although they are sometimes first sub- 
divided into subclasses and these into orders. The orders, and the sub- 
orders into which some of them are subdivided, are made up of families, 
and often subfamilies. Each family and subfamily is composed of one 
or more genera and each genus of one or more species. The combination 
of its generic with its specific name constitutes the scientific name of an 

The whole number of species of animals* which make up the animal 
kingdom is not known but probably amounts to several million. The 
number which has been described in scientific publications and given 
names in the Linnfflan system of classification is considerably over half 
a million. 

• See ••On the Number of Known Spedes of Animals,** by H. S. Pratt, Science, 
N. 8.. Vol. 85, p. 467, lft!2. 
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The following estimates have been made of the number of the 
described species in each phylum: 

Phylum I. Protozoa 8,000 

Phylum II. Coalenterata 7,000 

Phylum III. Vermes 9,000 

Phylum IV. Annelida 4,000 

Phylum V. Arthropoda 400,000 

Phylum VI. Mollusca 61,000 

Phylum VII. Echinodermata 4,000 

Phylum VTIL Chordata 37,000 

Key to the phyla of the Animal Kingdom: 

Oi Single-celled animals, aquatic and microscopic 1. Protozoa 

a, Many-celled animals. 
&! Body radially symmetrical. 

c, Body with 2, 4, 6 or more, or without, definite radii 2. Ccelenterata 

c, Body with 5 radii 7. Echinodermata 

6, Body bilaterally symmetrical. 
Or Respiratory tjrgHire not -pharyngeal. 
&i Body without a calcareous shell (with rare exceptions). 

«t Body not externally segmented (except in tapeworms) 3. Vermes 

et Body externally segmented. 

/, No segmented locomotory appendages. 4. Annelida 

/, Paired segmented appendages present 5. Arthropoda 

d, Body with a calcareous shell 6. Mollusca 

c. Respiratory organs internal and pharyngeal 8. Chordata 
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PROTOZOA.* (Single-celled Animals.) 

The Protozoa are minute, aquatic animals which consist each of a single 
cell. The body, like any other animal cell, is a mass of protoplasm con- 
taining one or more nuclei. Distinct organs, in the ordinary sense, are not 
present, but certain specialized structures are usually found in the body 
which perform certain special functions. The Protozoa perform all the 





Fig. l 

Fig. 1 — Amctba limaw (Conn). Fig. 2 — Amoeba proteu* (Conn); cv, contractile 

vacuole; ec, ectoaarc; en, entoaarc: ex, excreta; n, nucleus; 

p, paeudopodium. 

essential functions which characterize the animal body. The superficial 
layer of the protoplasmic body is usually hyaline and distinct and is called 
the ectosarc (Fig. 2). It secretes in most forms a cuticula or even a hard 
shell which gives the body definite form. In the simplest cases, locomotion 
is accomplished by the thrusting out of projections called pseudopodia 
(Fig. 2) in the direction of movement. In the highest forms, however, cilia 

• See "Protozoa," by O. BOtschli. Bronn's "Klassen u. Ord. des Thierreichs," 
Vol. I, 1880-1889. "A List of the Protozoa and Rotifers Found in the Illinois River," 
etc, by A. Hempel, Ball. 111. St. Lab., Vol. 5, p. 301, 1898. "A Report on the Pro- 
tozoa of Lake Erie," etc., by H. S. Jennings, Bull. U. S. Fisb. Com., 1899, p. 105. 
"The Protozoa," by G. N. Calkins, 1901. "Marine Protozoa of Woods Hole," by same, 
Bull. U. S. Fish. Com., 1901, p. 413. "The Protozoa of the Fresh Waters of 
Connecticut," by H. W. Conn, Bull. No. 2, State Geol. and Nat. Hist. Survey. "The 
Protozoa of Iowa," by C. H. Bdmondson, Proc. Acad. Sci., Davenport, 1906. "The 
Protozoa of Sandusky Bay," by F. L. Landacre, Proc. Ohio St. Acad. Sd., Vol. 4, 
p. 421, 1908 (containing a full bibliography). "Protozoology," by G. N. Calkins, 
1909. "Lehrbucfa der Protozoenkunde," by F. Doflein, 3d Ed., 1911. "The Protozoan 
Parasites of Domestic Animals," by H. Crawley, Circ 194, Bur. An. Ind., Dep. of 
Ag., 1912. 

11 
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(Fig. 87) or flagella (Fig. 35), which are projections of the ectosarc, are 
present and are permanent organs of locomotion. In a few ciliates true 
muscle fibres are present. Sensation is exercised by the entire surface of 
the body and its projections. 

The inner portion of the body is called the entosarc (Fig. 2) ; in it 
nutrition is carried on. Food in solid form may be taken into the mass of 
the entosarc, where it is usually surrounded by a watery fluid forming the 
food-vacuole, and digested and absorbed. In the lower Protozoa the food 
particles are taken in through the outer surface by a simple process of 
engulfing, no mouth being present, but in most Infusoria a definite mouth 
is present in the ectosarc from which a gullet leads into the entosarc. 
Indigestible portions of the food are thrown out through an anal opening 
in the ectosarc which in the higher forms alone is a permanent structure. 
Many protozoans lead parasitic lives and absorb the vital fluids of their 
hosts through the outer surface of the body. Great numbers of the flagel- 
lates also closely resemble plants in their habits of nutrition. Respiration 
is carried on through the entire outer surface of the body, as is also 
excretion in most marine and parasitic Protozoa. In the majority of 
Protozoa, however, a special excretory organ, the contractile or pulsating 
vacuole (Fig. 2, cv), is present in the form of ft minute globule of clear, 
excretory fluid which collects periodically and is then discharged to the 
outside through a temporary opening in the ectosarc. The contractile 
vacuole probably exercises a respiratory as well as an excretory function, 
carbon-dioxide being eliminated by its discharges. 

The characteristic method of reproduction is by equal division. The 
nucleus takes the lead in the process and is quickly followed by the body 
of the cell, and two new individuals are thus formed from a single old 
one. In many Protozoa the new individuals are not completely separated 
from each other, but remain connected together, and a colony is thus 
formed, while in some a physiological division of labor occurs among the 
members of such a colony and an important step towards the development 
of a metazoan animal is taken. Still another modification of simple 
division is the formation of spores, which characterize the Sporozoa and 
occur occasionally in the other Protozoa. Spore formation may be pre- 
ceded by the encystment of the animal and a period of rest; the animal 
draws itself together into as small a compass as possible and then secretes 
a firm membrane or shell within which it lies while spore formation is 
being accomplished. Later the cyst breaks and the spores being liberated 
each becomes a new individual. 

Of universal occurrence among Protozoa is conjugation, or the tem- 
porary or permanent fusion of individuals, which in some of its phases 
resembles the process of fertilization in the higher animals. The two 
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individuals which conjugate may be either (1) similar full-sized animals, 
(2) full-grown animals of dissimilar size, (3) reduced individuals of similar 
size (similar swarm-spores), or (4) reduced individuals of dissimilar size 
(specialized gametes). In the last mentioned case the gametes resemble 
the male and female reproductive cells of the Metazoa. 

Conjugation was formerly thought to be a process of rejuvenation by 
which the vital energies of the animals are renewed after the appearance 
of senile changes and a decrease in size and strength. It is now believed 
to be rather a method for the introduction of variation into a race or 
species, and to have thus a meaning similar to that of sexual reproduction 
among the Metazoa, a variable race being better fitted to adapt itself 
to a changing environment and to overcome unfavorable life-conditions. 

The Protozoa are all, with a few exceptions, aquatic animals. When 
the water in which they are living dries up and at certain other times 
they encyst themselves, and in this condition can withstand complete 
desiccation a long time. Protozoa are easily transported by the wind, 
especially when encysted, and many species have a world-wide distri- 
bution. 

Protozoa feed upon organic matter in every form. Certain species 
are carnivorous; others feed exclusively on plants; many feed on decaying 
substances; and many are parasitic. Of this latter kind many, especially 
among the Sporozoa, are the cause of disease both in man and animals. 
Many contain chlorophyll and live like plants and are consequently near 
the border line between plants and animals. 

History.— Microscopic animals were first studied in 1675 by the Dutch 
naturalist Leeuwenhoek, who first used the microscope in the study of living 
organisms. About a hundred years later Otto Friedrich Muller described 
a large number of them, adopting the binomial nomenclature, and thus 
laid the foundation of the present classification. The name Protozoa 
originated with Goldfuss in 1820, who, however, included in the group 
jellyfish, hydroids, and all of the lowest animals. In 1838 Ehrenberg 
published his epoch-making work on Infusoria, including in this term all 
the microscopic animals, the significance of his work consisting in the fact 
that he brought together accurate descriptions of great numbers of these 
organisms. Ehrenberg was followed by Dujardin and others and in 
1845 von Siebold, interpreting these simple creatures in the light of the 
newly established eell-theory, separated them from the Radiata, with 
which they were classed, and applied to them the name Protozoa. 
Butschli (1880-1889) gave the classification of the group its present 
form. 

The Protozoa contain 4 classes and about 8,000 species, of which the 
majority are radiolarians. 
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Key to the classes of Protozoa: 
Ox Cilia or flagella absent 

b x Pseudopodia present, sometimes with rigid, axial filaments ... 1. Sarcodina 
b t Pseudopodia absent, as well as all other locomotory organs, in the adult 

animal 3. Sfobozoa 

a, Cilia or sucking tentacles, or flagella present 

b % Flagella present 2. Mastigophora (Flagellata) 

b t Cilia or sucking tentacles present 4. Infusoria 

Class 1. SABOODINA.* 

The most primitive Protozoa, in which the body is usually with- 
out definite form, but in most cases possesses rigid skeletal structures. 
Locomotion is effected by means of pseudopodia, which are more or less 
temporary projections of the body. In the Heliozoa and Radiolaria these 
are much less changeable in form than in the Rhizopoda and are usually 
supported by a central skeletal filament. Contractile vacuoles are present 
except in the marine forms. Encystment and conjugation characterize all. 
The majority of the Sarcodina are marine animals and they are often 
present in such large numbers in the sea that the empty shells form 
important deposits at the bottom (Foraminifera). The affinities of the 
Sarcodina are with the flagellates : the young of certain forms are flagellate 
and in Mastigamceba and others the adult form has both pseudopodia and 
flagella. The class was first called the Rhizopoda, but in 1880 Biitschli 
substituted the term Sarcodina for Rhizopoda, giving the latter name to one 
of the orders. The class contains 6,000 species, most of which are 
Radiolaria and Foraminifera, grouped in 3 orders. 

Key to the orders of Sarcodina: 

Ox No centra] capsule present ; animals in both salt and fresh water. 
b t Body naked or with shell, with very changeable pseudopodia which contain 

no central axial filament 1. Rhizopoda 

b t Body naked or with shell, usually of spherical and relatively permanent form 
with delicate ray-like pseudopodia, each of which contains a central 

. filament 2. Heliozoa 

a, Central capsule present ; marine animals of relatively permanent form with 
ray-like pseudopodia 3. Radiol 



Order 1. RHIZOPODA. 

Body usually covered externally by a shell (but sometimes without) 
which is a secretion of the ectosarc, and in many cases is covered with 
sand or other foreign objects ; pseudopodia variable in form : 2 suborders 
and about 1,500 species, of which 200 live in fresh and 1,300 in salt water. 

Key to the suborders of Rhizopoda: 
Ox Rhizopoda with simple pseudopodia and with or without a shell . . 1. Amoebida 
a, Rhizopoda with branching and anastomosing pseudopodia and with or without 

a shell 2. Reticulabiida 

• See "Freshwater Rhizopoda of North America," by J. Leidy, Rep. U. S. GeoL 
Bur., etc., Vol. 12, 1879. 



Digitized by 



Google 



RHIZOPODA 15 

Suborder 1. AMCEBIDA. 

Rhigopoda having lobose pseudopodia which may be finger-shaped or 
pointed, but are usually not reticulate; shell of chitin or silica usually 
present, to which sand or other foreign bodies may be attached : 3 families. 

Key to the families of Amcebida: 

a, Naked Amcebida 1. Amcebidae 

a, Amcebida with a shell. 
o 4 Shell membranous, often with sand and other foreign bodies imbedded in 

it 2. Aboellidae 

b t Shell composed of regular plates of silica or chitin ; pseudopodia sharp and 
often branching and sometimes slightly anastomosing. . . .3. Euglyphidae 

Family 1. AMCEBIDAE. 

Shell-less Rhizopoda, whose pseudopodia are not reticulate; body 
without definite form and under ordinary conditions constantly changing 
its shape by throwing out pseudopodia, although covered by a cuticula of 
greater or less delicacy: about 19 genera, with numerous species in both 
fresh and salt water. 

Key to the genera of Amcebidae here described : 

a, Nucleus absent 1. Pbotamceba 

o, Nnclens present and usually distinct. 

b t Numerous nuclei, vacuoles, and retractile bodies present 2. Pelomyxa 

6, Numerous nuclei, vacuoles, and retractile bodies not present. 

c, Pseudopodia membrane-like, ectosarc reddish .3. Plakofus 

c, Pseudopodia not membrane-like. 
d, Pseudopodia more or less lobose, sometimes slender and spine-like. 

e, Animals not parasitic 4. Amceba 

e, Animals parasitic 5. Entamoeba 

d % Pseudopodia very long, radiating spine-like from body. 

6. Dactylobphjerium 

1. Pbotajc(EBA Haeckel. Minute forms without nucleus or con- 
tractile vacuole, in constant motion, with short pseudopodia: 4 species; 
in salt and fresh water. 

P. primitiva Haeckel. In fresh and salt water. 

2. Pelomyxa Greeff. Very large forms constantly flowing by 
means of short pseudopodia; body with numerous nuclei, vacuoles and 
hyaline rods ; diameter up to 2 mm. : 4 species ; in fresh water. 

P. palustris Greeff. Without projections at hinder end. 

P. villosa Leidy. Possesses numerous posterior projections; about 
1 mm. in length; body dark and opaque. 

P. carolinensis H. V. Wilson. No rods present, but numerous 
minute crystals; 1 mm. in diameter. 

3. Plaxopub F. E. Schulze. Body changes slowly in form and with 
pointed pseudopodia which are often joined together by a broad mem- 
brane: 2 species; in fresh water. 
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P. ruber F. E. Schulze. Color reddish : in fresh water. 

4. Amoeba Ehrenberg. Body may assume a variety of forms, being 
often more or less spherical while at rest; pseudopodia either slender or 
lobose; nucleus and contractile vacuole present: about 12 species; in 
fresh and salt water. 

A. Umax Dujardin (Fig. 1). Body small, elongate, without 
definite pseudopodia and moves by slowly flowing along: in fresh 
water. 

A. proteus (Pallas) (Fig. 2). Diameter up to .5 mm; pseudopodia 
long and usually blunt ; movements often active : in fresh water. 

A. radiosa Ehr. Pseudopodia slender and radiating; body more or 
less star-shaped; diameter about .04 mm.: on water plants. 






Fig. 3 



Fig. 4 



Fig. 5 

Fig. 8 — Atnaba verrucosa (Conn). Fig. 4 — Bntatnaba coU (Dofleln). 
Fig. 6 — Entamoeba dyaenteriae (Dofleln). 

A. verrucosa Ehr. (Fig. 3). Diameter up to .2 mm.; pseudopodia 
short; surface folded; movements sluggish. 

5. Entamoeba Casagrandi and Barbagallo. Similar to Amoeba, but 
parasitic in mammals; size minute; pseudopodia short and sluggish: 
several species. 

E. coli (Loesch) (Fig. 4). Form roundish or elongate with a dis- 
tinct nucleus and an indistinct ectosarc; pseudopodia short and slug- 
gish; diameter .06 mm.: in human colon; formerly supposed to be & 
cause of dysentery. 

E. dysenteriae (Councilman and Lafleur) (E. histolytica Schaudinn) 
(Fig. 5). Similar to E. coli but with a distinct ectosarc: in the human 
colon; the cause of dysentery. 

6. Dactylobpkxriux Hertwig and Lesser. Small round forms 
with often numerous long,ray-like pseudopodia, which sometimes vibrate 
slightly; short and blunt pseudopodia also present when the animal 
moves: in fresh water. 

D. radiosum (Ehrenberg). Three or 4 long spine-like pseudopodia; 
diameter .02 mm. 

D. polypodia F. E. Schulze. Numerous finger-like pseudopodia 
present. 
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Family 2. ABCELLIDAE. 
Shell membranous and consisting of a single chamber, the surface 
of which is either smooth or covered with sand or other foreign par- 
ticles; single opening usually present from which blunt pseudopodia 
protrude: fresh-water animals of minute size; 10 genera and about 30 
species. 

Key to the genera of Arcellidae here described: 

«! Shell covered with sand or other foreign bodies 1. Dutluqia 

a, Shell not covered with foreign bodies. 

b x Shell composed of quadrilateral plates 2. Quadbuella 

6, Shell of one piece, not composed of plates. 
Cx Shell flexible and more or less disc-like ; 1 to 3 openings. .3. Cochliopodium 
€% Shell disc-shaped and not flexible. 

d\ Rim of shell without spines 4. Abceixa 

a\ Rim of shell with spines 5. Centrofyxib 

1. DziTLVOXA Leclerc. Shell covered with sand-grains or other 
foreign bodies, pear-shaped or spherical, frequently with spines at the 
sides or hinder end, and with a large opening at the other end from 






Fig. 8 

Fig. 6 — Difflugia loboatoma (Conn). Fig. 7 — Di/Jtugia corona (Leidy). 
Fig. 8 — Quadruella symmetrica (Leidy). 

which a number of blunt pseudopodia may project; nucleus and con- 
tractile vacuoles always present: about 20 species, which are very vari- 
able in form; in fresh-water pools, usually on plants or on the bottom. 

D. lobostoma Leidy (Fig. 6). Shell spherical or ovate, the oral pole 
truncated; mouth usually 3 to 6 lobed; aboral end rounded; length .12 
mm.: common. 

D. pyriformis Perty. Shell bottle-shaped with a cylindrical neck 
more or less distinct ; length up to .6 mm. : common. 

D. urceolata Carter. Shell jug-shaped with short neck and often a 
rim; hinder end pointed or rounded; length up to .52 mm. 

D. constricta Ehrenberg. Shell ovoid; mouth oblique; aboral end 
rounded, often with spines; length up to .3 mm. 

D. globulosa Dujardin. Shell spheroidal or oval; mouth circular; 
length .2 mm. or less: rather common. 

D. acuminata Ehr. Shell oval; aboral end acute, often prolonged, 
rarely with 2 or 3 points; length .4 mnu 
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D. corona Wallich (Fig. 7). Shell spheroid with a number of long 
spines at hinder end; length up to .32 mm: very common. 

2. Quadrttella Cockerell. Shell 
pear-shaped and composed of quad- 
rilateral silicious plates, with oc- 
casional spines at the hinder end: 
several species ; in fresh water. 
Q. symmetrica (F. E. Schulze) 

(Fig. 8). Length up to .14 mm.: 
Fig. 9 — Cochliopodium bilimbosum (Leidy). • 

J ' in swamps. 

3. CoCHLiopoDimf Hertwig and Lesser. Shell minute, spheroid or 
disc-like, without foreign bodies, and flexible, changing in shape: 3 
species; in fresh water. 

0. bilimbosum Auerbach (Fig. 9). Diameter 
up to .05 mm. ; opening large, the acute pseudopodia 
protruding: among algae, etc., in fresh water. 

0. digitatum Calkins. Several openings through 
which pseudopodia protrude. 

4. Akoella Ehrenberg. Shell yellow or brown 
and smooth, not being covered with sand, convex 
on one side, and flat or concave on the other, in 
the middle of which is the opening; nuclei and 
contractile vacuoles 2 or more: several species; in 
fresh water, also in moist sand and moss. 

A. vulgaris Ehr. (Fig. 10). Diameter about .15 mm. 
scalloped: very common. 




Fig. 10 

Arcella vulgaris 

(Leidy). A, under 

view of shell ; 

B, side view. 



margin not 



loped. 



A. dentata Ehr. (Fig. 11). Diameter about .18 mm.; margin scal- 






Fig. 11 Fig. 12 

....... _.. ig.12— C 

Fig. 13 — Euglypha alveolata (Lel< 



Fig. 13 



Fig. 11 — Arcella dentata (Leidy). Fig. 12 — Centropywis aculeata (Leidy). 
-•--*••■- • - "eldy). 



5. Cekteoptxis Stein. Shell similar to Arcella, but with spines, 
variable in number, and sometimes elongate: in ditches and pools. 
0. aculeata Stein (Fig. 12). Diameter of shell .2 mm. 
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Family 3. EUGLYPHIDAE. 

Shell membranous and composed of plates of chitin or silica 
enclosing a single chamber with a single large opening; pseudopodia 
filiform and sometimes somewhat anastomosing; size minute: 5 genera; 
mostly in fresh water. 

1. Euglypha Dujardin. Shell elongate, ovate, often with spines 
at hinder end and composed of oblique rows of round plates whose 
edges overlap, making hexagonal areas; opening denticulate; pseudo- 
podia fine, often branching but not reticulate: in fresh water; 4 
species. 

£. alveolata Duj. (Fig. 13). Shell colorless, elongated / 

and cylindrical; hinder end broader, usually with a few 
long spines ; plates composing it are round or oval ; length 
.15 mm.: common. 

E. ciliata Leidy. Shell elongate and elliptical in 
cross section; hinder end and sides with numerous short 
spines; plates six-sided; length .1 mm.: common in 
sphagnum moss. 

2. Cyphoderia Schlumberger. Shell retort-shaped 
and composed of minute plates; opening turned to one Fig"i4 
side; forward half of body contains numerous contractile Cyphoderia 
vacuoles, and hinder half the nucleus; color yellowish: (Leidy). 
2 species; in fresh and salt water. 

C. ampulla (Ehrenberg) (Fig. 14). Length .17 mm.: in ponds and 
ditches. 

Suborder 2. RETICULARIIDA. 

Pseudopodia filiform and reticulate; calcareous shell usually pres- 
ent which has either one or more large openings or many minute ones, 
through which the pseudopodia project: 3 divisions. 

Key to the divisions of Reticulariida: 

Oy No shell present 1. Nuda 

a, Shell with one or more large and no minute openings 2. Impebfobina 

a, No large but numerous minute openings 3. Pebfobina 

Division 1. NUDA. 

Rhizopods without shell and with reticulate pseudopodia: about 8 
genera; mostly marine. 

Bioxtxa Leidy. Form incessantly changing; nucleus present or 
apparently absent: 1 species. 

B. vagans Leidy. Color pale gray with oil globules, nucleus when 
present large and distinct; no ectosarc: in sphagnum moss. 
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Division 2. IMPERFOBXNA. 

Rhizopods with shell which has one or more large openings from 
which project reticulate and anastomosing pseudopodia; shell usually 
calcareous, but sometimes membranous, to which sand may adhere, and 
one or many chambered: 4 families. 

Family GBOMIIDAE. 

Marine and fresh-water rhizopods with a membranous shell with 

an opening at one or both ends : 10 genera. 

Key to the genera of Gromiidae here described: 

c, Shell with bat one opening. 
6, Pseudopodia richly anastomosing; contractile vacuoles usually present 

1. GaoiOA 
6, Pseudopodia anastomosing little ; numerous contractile vacuoles. 

2. Pamphagus 
o, Shell with an opening at each end 3. Diplophbts 



ti& 
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Fig. 15—Gromio lagenoide* (Calkins). 

1. Gbomia Dujardin. Shell spherical or ovate in shape and entirely 
filled by the protoplasmic body; shell membranous and often flexible, 
changing its shape; pseudopodia very fine and reticulate; nuclei one or 
many: several species; in fresh and salt water. 

G. lagenoides G ruber (Fig. 15). Body about .25 mm. long, with 
opening at larger end of shell; edge of opening turned in; a fine layer 
of protoplasm surrounds the shell which has fine reticulate pseudopodia 
on all sides of it; shell either with or without foreign bodies: Woods 
Hole; not numerous. 

2. Pamphaous Bailey. Pseudopodia very delicate, springing from 
a common protoplasmic base and not anastomosing; shell flexible and 
delicate, and filled by the protoplasmic body; opening of shell narrow: 
7 species. 
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P. mutabilis Bailey. Body compressed and ovate or pear-shaped; 
protoplasm yellowish in color; length 1 mm.: in swamps. 

P. hyalinns Leidy. Body almost spherical with short neck; often 
colonial; length .04 mm. 

3. Dzflophbtb Barker. Shell spherical and membranous and with 
two openings opposite each other, from which protrude the pseudopodia : 
2 species; in fresh water. 

D. archeri Barker. Pseudopodia not always anastomosing; length 
.02 mm. 

Division 3. FEBFOBXNA. (Foraicinifera.) 

Calcareous shell, either one or many chambered, and with numerous 
minute pores, as well in some cases las large openings, through which 
stream reticulate pseudopodia: 9 families with numerous genera and 
over 1,200 species, most of which live in the mud of the sea bottom, about 
20 species being pelagic 

Family GLOBIGEEINIDAE. 

Shell calcareous and one or many chambered with one or more large 
openings: about 7 genera. 

Globzosbiha D'Orbigny. Shell with many chambers which are 
more or less ovoid and spirally arranged; large openings crescentic; 
usually with spines: about 13 species; marine. 

G. bulloides D'Orb. Animals pelagic and also in the bottom mud 
at all depths down to 3,000 fathoms: cosmopolitan. 

Order 2. HELIOZOA.* 
Sarcodina with little power of amoeboid movement, with a silicious 
skeleton and fine ray-like pseudopodia which are often supported by 
silicious axial filaments; ectosarc and entosarc usually sharply marked; 
contractile vacuole present in the fresh-water forms, but absent in the 
marine ones; either one or several nuclei present; reproduction either 
by equal division or by spore formation, the spores being flagellate 
and after an active life losing their flagella and assuming the form of 
the adult; conjugation and encystment also occur: about 50 species, 
grouped in 4 suborders; mostly in fresh water, but also in the sea and 
in moist earth. 

Key to the suborders of Heliozoa: 
a, Helioioa without skeleton. 

b x Body naked 1. Aphrothoraoida 

6, Body with a soft gelatinous or felted fibrous covering. .2. Chlamydophorida 
a, Heliocoa with skeleton. 

&i Skeleton consists of spicules 3. Chalarathoracida 

6, Skeleton consists of a single piece perforated by numerous openings. 

4. Desmothoracida 
• See "Helioioa/' by F. Schaudinn, Das Tlerreich, 1806. 
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Suborder 1. APHROTHORACIDA. 

Naked Heliozoa with filiform pseudopodia radiating from all sides 
which are either with or without axial filaments; one or more nuclei 
and contractile vacuoles present: 9 genera. 

Key to the genera of Aphrothoracida here described : 

a, Body more or less amoeboid. 
b x Ectosarc and entosarc sharply defined; animals appear on algae as red 

cysts 1. Vampybklla 

6, No boundary between ectosarc and entosarc 2. Nuclearia 

a, Body not amoeboid ; form spherical. 
b x Ectosarc and entosarc not defined ; skeletal axis of pseudopodia extending to 

center 3. Actinophkys 

6, Ectosarc and entosarc sharply separated 4. AcnNOSPH^ERiUM 

Fig. 16 Fig. 17 Fig. 18 

Fig. 16— Vampyrella later itia (Leidy). Fig. 1 7— Actinophrys sol (Leldy). 
Fig. 18 — Actinosphctrium eichhorni (Leidy). 

1. Vakptbella Cienkowsky. Ectosarc hyaline; entosarc brown or 
red, frequently vacuolated; form amoeboid, pseudopodia radiating from 
all sides or arising from only one place: 5 species; in fresh and salt 
water. 

V. lateritia Leidy (Fig. 16). Body spherical or elongated; diameter 
about .06 mm. ; length of moving animals may be .24 mm. : among fresh- 
water algae. 

2. Nvcleabxa Cienkowsky. Body spherical or elongate and amoe- 
boid with homogeneous protoplasm; pseudopodia radiating from all sides 
or arising from only one place ; one or more nuclei and many contractile 
vacuoles: 2 species; in fresh water. 

N. simplex Cienk. Diameter about .05 mm.: among Spirogyra and 
other fresh-water plants. 

3. Actinophhts Ehrenberg. Body spherical and not amoeboid; 
pseudopodia radiating from all sides and with axial threads which 
extend to center of body ; ectosarc and entosarc not separate : 1 species ; 
in fresh and salt water. 

A. sol (0. F. Muller) (Fig. 17). Diameter .05 mm.; often colonial: 
common. 
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4. AoraroSPHJEBirm Stein. Like Actinophrys but with sharply 
defined and vacuolated ectosarc: 1 species. 

A. eichhomi (Ehrenberg) (Fig. 18). Diameter up to 1 mm.: in 
fresh water; common. 

Suborder 2. CHLAMYDOPHORIDA 

Body spherical and with a soft gelatinous or felted covering in 
which foreign bodies may be present: 5 genera. 

Heterophhys Archer. Body with a slight differentiation into 
ectosarc and entosarc; pseudopodia radiating from all sides: 2 species; 
in fresh and salt water. 

H. myriapoda Archer. Diameter .08 mm.; pseudopodia twice as 
long as diameter of body; chlorophyll bodies often present: in fresh 
and salt water. 

Suborder 3. CHALARATHORACIDA. 

Isolated silicious needles present which cover the outer surface: 8 
genera. 

1. EAPHIDIOPHRTS Archer. Body spherical, covered with silicious 
needles lying tangentially ; ectosarc and entosarc not distinct; pseudo- 
podia with axial threads radiating from all sides ; often forming colonies 
which have a common covering: 4 species; in fresh water. 

R. elegans Hertwig and Lesser. Diameter .04 mm-; often with 
chlorophyll bodies: in fresh water. 

2. Acajtthocystib Carter. Spherical animals in which the silicious 
needles project radially; between them are the thread-like pseudopodia, 
each with an axial thread; tangential needles may also be present: 10 
species; in fresh water. 

A. chsetophora (Schrank). Diameter .1 mm.; needles of 2 forms, 
a short and a long, both forked, and both with basal plates. 

Suborder 4. DESMOTHORACIDA. 

Body enclosed in a silicious spherical shell containing numerous 
round holes; a central nucleus; many contractile vacuoles and filiform 
pseudopodia: 2 genera. 

Clathhtjuna Cienkowsky. Body spherical and fastened by a stalk 
to some fixed object; the body does not fill the shell, which is absent in 
the young individuals : 2 species ; in fresh water. 

0. elegans Cienk. (Fig. 19, p. 24). Diameter of shell .07 mm.; length 
of stalk up to .3 mm.: in pools. 
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Order 3. RADIOLARIA. 

Marine Sarcodina often of large size, with ray-like pseudopodia; 
silioious skeleton present in most cases, which is often of great com- 
plexity and beauty; pseudopodia usually with axial 
filaments; body divided into two regions, the central 
capsule and the extra-capsular portion; capsule sur- 
rounded by a perforated chitinous membrane and oc- 
cupying the center of the body containing also one or 
more nuclei and often oil globules ; extra-capsular proto- 
plasm often vacuolated and pigmented and containing 
often yellow unicellular algae (zooxanthellae) which live 
symbiotically in it; no contractile vacuole present; re- 
production by division, the central capsule dividing first ; 
in some forms the central capsule alone divides, and a 
colony is the result; spore formation has also been ob- 
served, in which flagellate spores are formed in the 
central capsule: about 85 families and over 4,300 species, 
which are found mostly in the deep sea. 




Fig. 19 

Clathrulina 

elegans 

(Conn). 



Family THALASSIOOLLIDAE. 



Skeleton wanting; central capsule simple, with a single nucleus* 
Thalassioolla Huxley. Extra-capsular portion filled with alveoli 
among which are numerous yellow algae. 

T. pelagica Haeckel. Diameter 2 mm.: in the Mediterranean. 

Class 2. MASTIQOPHORA. (Flagellata.) 

Protozoa whose motile organs consist of one or more long whip-like 
projections called flagella. The body is provided with an external mem- 
brane which, in many cases, is very delicate, the body being more or 
less amoeboid. A membranous shell of silica, chitin, or cellulose is also 
often present. In one group, the Choanoflagellida, the base of the single 
flagellum is surrounded by a high ridge called the collar (Fig. 28). A 
single nucleus is present, and usually a contractile vacuole. 

The protoplasm usually shows no division into ectosarc and entosare. 
It often contains chromatophores which may be formed of chlorophyll 
and green, or of diatomin and yellow or brown in color. Other bodies 
allied to starch or oil are often present imbedded in the protoplasm. 
Reproduction is by division and by spore formation; colony formation, 
the result of incomplete division, is very common, the members of the 
colony being sometimes enclosed in a common cellulose jelly, sometimes 
connected by protoplasmic strands, and sometimes joined by both jelly 
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and strands. The colony is in some cases very complex with division 
of labor among the different individuals. 

The Mastigophora have been known from the earliest period of 
the study of microscopical animals under the general name of Flagellata, 
and are still so known in many textbooks. The name Mastigophora 
was given the group by Biitschli in 1883. The animals live in both 
fresh and salt water, and many are parasites in the higher animals, 
being often the cause of disease. Large numbers closely resemble 
plants and many are on the border line between animals and plants. The 
class contains 3 subclasses with about 350 species. 

Key to the subclasses of Mastigophora: 

Ox Small Mastigophora with a definite anterior and posterior end, at one or the 
other of which are 1 or more flagella 1. Flaoellidia 

a, Mastigophora with usually 2 flagella, 1 anterior and 1 transverse in posi- 
tion 2. DlNOFLAGELLIDIA 

#! Large marine Mastigophora with parenchymatous protoplasm. 

3. Cystoflagellidia 

Subclass 1. FLAGELLIDIA. 

Body with a well-defined cuticula which gives it a definite shape, 
the cuticula in some forms, however, being so thin that changes in shape 
often take place; pseudopodia formed in certain forms; many flagel- 
lates are protected by external coverings of jelly, chitin, silica or 
cellulose; 1, 2 or several flagella extend from one end of the body, 
usually the forward; in the Choanoflagellida, however, the single flagel- 
lum is at the hinder end and is surrounded at its base by a collar: 8 
orders, in which are included the great majority of flagellates, very 
many containing chromatophores and being apparently allied to plants. 

Key to the orders of Flagellidia : 

a, Body colorless, often more or less amoeboid, and with one or more flagella. 
fti Body spiral with or without flagellum, and more or less like bacteria. 

1. Spibochetida 
6, Body not spiral. 

c» One flagellum with collar present 3. Choanoflagellida 

c, No collar present 
a\ Body with indistinct cuticula, often more or less amoeboid. 

ex Body elongate with undulating membrane 5. Tbypanosomatida 

«, No undulative membrane present. 
ft Two or more flagella, one directed forward, the other trailed behind. 

4. Hetebomastigida 
U Flagella always directed forward. 

g x One or two flagella ; body usually more or less amoeboid. .2. Monadida 

g t Three or more flagella 6. Poltmastiqida 

a\ Body with distinct cuticula 7. Euglenida 

St Body usually either yellow or green, often colonial. 

\ Body with distinct cuticula, and usually solitary 7. Euglenida 

6, Body usually with a hyaline, gelatinous or cellulose house ; colonial. 

8. Phttoflagellida 
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Order 1. SPIROOHETIDA. 

Body elongate, spiral, with or without an undulating membrane; 
flagellum very short or absent; nucleus diffuse: 1 family. 

Family SPrBOCHETIDAE. 

With the characters of the order: 3 genera. 
1. Spibooeeta Ehrenberg. Undulating membrane but 
no flagellum present: about a dozen species; 
mostly parasitic. 

S. balbianii (Certes) (Fig. 20). Length .02 
to .18 mm.; broad membrane present; ends 
rounded: in the digestive tract of the oyster, 
often in the crystalline style. 

8. plicatilis Ehr. (Fig. 21). 
Length .08 to .2 mm.; narrow 
membrane present; ends rounded: 
in stagnant water. 
wt^- V J£'L» 2. Trefokema Schaudinn. Fla- Fig.22 

Fig. 2^fcS e ^ plica. S* 11 ™ but no "adulating mem- "gRg" 
tilis (DoflelD). brane present: about 8 species. (DoMn). 

T. pallidum Schaudinn (Fig. 22). Body cylindrical, without 

membrane, .015 mm. long; ends tapering, ending each in a fine flagellum: 

in syphilitic lesions. 

Order 2. MONADIDA. 

Body usually without shell and more or less amoeboid, with 1 or 2 
large flagella at the forward end and often 1 or more secondary flagella; 
no mouth : 5 families. 

Key to the families of Monadida here described : 

Oj Pseudopodia present 1. Rhizomastigidae 

a, Pseudopodia absent. 
6, One flagellum present. 

Cx Body not in a cup 2. Cebcomonadidak 

c, Body in a cup 3. Codonecidae 

ft, Two flagella present 4. Hktebomonadidae 

Family 1. BHIZOMASTIG1DAE. 

Simple forms without mouth and with 1 or 2 flagella; occasionally 
with either lobose pseudopodia like a rhizopod or stiff radial ones like 
a heliozoan; food taken at any part of the body: 6 genera. 

Mastigamoeba F. E. Schulze. Body irregular in form with several 
pseudopodia which disappear when the animal swims, and one long 
flagellum: 6 species; in fresh and salt water. 
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M. verrucosa Kent (Fig. 23). Length about .015 mm.; many short 
pseudopodia : in fresh water. 

M. simplex Calkins. Ectosarc and entosarc distinct; flagellum 
converted into a pseudopodium ; length .01 mm.: marine, on decaying 
algae. 

Family 2. CEBCOMONADIDAE. 

Body oval or elongate, frequently amoeboid, especially at hinder 
end; with pseudopodia and with a long flagellum: 5 genera, 

1. Obsooxohab Dujardin. Form more or less spindle-shaped, pro- 
longed posteriorly: 3 species; in fresh water. 

0. longicauda Duj. Tail long; length up to .05 mm. 



*T\ ( 




Fig. 23 Fig. 24 Fig. 25 

Fig. 23 — Mastigamaba verrucosa (Calkins). Fig. 24 — Hcrpctomonas muscat 
domesticae (Dofleln). Fig. 25 — Codoneca gracilis (Calkins). 

2. Hebpetoxohab Kent. Body elongate, very flexible; hinder end 
often the more attenuate, but not forming a caudal filament: several 
species; parasitic in insects. 

H. rnuscae domesticae (Burnett) (Fig. 24). Length .05 mm.: in 
intestine of the house-fly; common. 

3. OncoxOHAB Kent. Form spherical or oval; frequently a pro- 
jecting lip at base of flagellum; sometimes attached by a terminal fila- 
ment : several species in fresh and salt water, often in infusions. 

O. termo (Ehrenberg). Length .06 mm.: often very common in 
fresh water. 

Family 3. CODONECIDAE. 

Body enclosed in a gelatinous or hyaline cup: 2 genera. 

Oodoveoa Clark. Ovoid or goblet-shaped, and attached to a caudal 
stalk; animal does not fill cup: 3 species; in fresh and salt water. 

C. gracilis Calkins (Fig. 25). Cup urn-shaped with a distinct neck; 
length .021 mm.: Woods Hole. 

Family 4. HETEROMONADIDAE. 

One or 2 accessory flagella present besides the main one; often 
sessile or colonial, the animals being on a common stalk: 3 genera. 
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Key to the genera of Heteromonadidae : 

ih Solitary forma 1. Mowas 

a, Colonial forms. 
b x Common stalk branched once or twice ; on Cyclops. . 2. Cephalothamnium 
ft. Common stalk much branched 3. Anthophtsa 

1. Mohab Ehrenberg. Body spherical or ovate, occasionally fast- 
ened by a thread-like stalk; 2 flagella: 3 species; in fresh water. 



*■ 
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Fig. 26 Fig. 27 Fig. 28 

Fig. 26 — Mono* elongata (Conn). Fig. 27 — Cephalothamnium cwpitoium (Conn). 
Fig. 28 — MonoMga ovata (Calkins). 

M. elongata (Stokes) (Fig. 26). Body elongate; hinder end tapers 
to form stalk; length .01 mm. 

2. CsFHALOTHAioinrM Stein. Body ovate, with one long and one 
short flagellum; animals colonial and sessile, the stalk branching two 
or three times and several individuals being grouped at the end of each 
branch: 2 species; in fresh water, often on Cyclops. 

0. caspitosum (Kent) (Fig. 27). Body with obliquely truncated 
anterior end; length of individual .02 mm. 

3. Anthophtsa Bory. Body as in above; stalk much branched: 
1 species; in fresh water. 

A. vegetans (0. F. Miiller). Length of individual .03 mm., of 
colony .4 mm. 

Order 3. CHOANOFLAGELLIDA. 

Collar flagellates. Collar-like ridge surrounding the base of the 
single flagellum which is at the hinder end of the body when the animal 
swims, instead of at the forward end as in other flagellates; in some 
forms 2 collars are present, one over the other: 2 families. 

Family CRASPEDOMONADIDAE. 

Either solitary or colonial and either free-swimming or sessile and 
often enclosed in a cup or a gelatinous envelope: 4 genera. 
Key to the genera of Craspedomonadidae : 

Ot Shell wanting; animals sessile or stalked. 

& t Stalk shorter than body or wanting 1. MoNoaiGA 

6, Stalk long, with many individuals at the end 2. Codonosiga 

ft, Stalk long, branched at end 3. Codonocladiuii 

a, Shell present 4. Salpiwqceca 
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1. Moyobxga Kent. Small colorless forms, solitary and sessile, 
attached directly or by a short stalk: 9 species; in fresh and salt water. 

If. ovate Kent (Fig. 28). Individual ovate or spherical; length .08 
mm: in fresh and salt water. 

2. Oodoyosxga Clark. Similar to Monoaiga, but at the end of a 
stalk and solitary or colonial: 1 species. 

0. botrytia Clark. From 1 to 20 individuals in a colony; length of 
individual .08 mm., of stalk .014 mm. : in fresh and salt water. 

8. Oodoyooladxtoc Stein. Like Codonosiga, but the stalk branches, 
each branch bearing an individual: 4 species; in fresh and salt water. 

0. umbellatum Stein. Number of branches 4 to 10, which some- 
times also branch ; length .03 mm. : in fresh water. 

4. &ALFXY4HECA Clark. Solitary; body enclosed in a shell, usually 
cup-shaped, which is directly attached at base or at the end of a short 
stalk: about 27 species; in fresh and salt water. 

8. steini Kent. Shell cylindrical; length .02 mm.: in fresh water. 

Order 4. EETEB01IASTIOIDA. 

Two or more flagella present, one of which is directed forwards and 
the others backwards, during locomotion; no shell present; animal 
colorless: 2 families. 

Family BODONTDAE. 

Small, naked forms with 2 flagella of nearly equal length : 4 genera. 
Key to the genera of Bodonidae here described: 

«! Flagella spring from anterior end. 

&! Flagella longer than body, which is ovate 1. Bono 

ft, Flagella shorter than body, which is elongate 2. Phtllomitub 

a, Flagella spring from a lateral groove 3. Oxybrhis 



i 




Fig. 29 Fig. 30 Fig. 31 



F!g.2&— Aorfo camaatu* ( Calkins). Fig. 30— Phpttomit us amylophagu* (Conn), 
pig, si— OmyrrhU marina (Calkins). 

1. Bono Ehrenberg. Body more or less ovate, often amoeboid; 
anterior end pointed, with 2 flagella arising from a slight depression: 10 
species; in salt and fresh water. 

B. caudatus (Dujardin) (Fig. 29). Body ovate, often amceboid; 
flagella about the same length; length .018 sum 
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2. Phyllomitub Stein. Body elongate and very flexible, with 2 
flagella shorter than the body: 1 species. 

P. amylophagus Klebs (Fig. 30). Length .018 mm.: in fresh water. 

3. Oxyrbhib Dujardin. Body oval with pointed hinder end, at 
side of which is a deep cavity from which the flagella emerge: 1 species; 
marine. 

0. marina Doj. (Fig. 31). Length .04 mm.: at Woods Hole. 

Order 5. TBTPAKOSOMATIDA. 
Body elongate, usually pointed, with an undulating lateral mem- 
brane and 1 or 2 flagella which arise from a special nucleus (blepharo- 
plast) and accompany the membrane as a lateral chord: 1 family. 

Family TRYPANOSOMIDAE. 

With the characters of the order: several genera; parasitic in 
invertebrate and vertebrate hosts and often the cause of deadly diseases. 






Fig. 32 Fig. 33 Fig. 34 

Fig. 32 — Trypanosoma gambiense (Doflein). Fig. 33 — Trypanosoma brucei (Doflein). 
Fig. 34— H examitus injCatus (Conn). 

Trypanosoma Gruby. But 1 flagellum present: over 60 species, 
which are parasites of the blood system in all kinds of vertebrates and 
are also found in the intestine of various blood-sucking insects, which 
in many cases are known to convey the parasite to the vertebrate host 
by their bite. 

T. gambiense Dutton (Fig. 32). The cause of the deadly sleeping 
sickness which affects man in western and central Africa ; it is conveyed 
by Glossina palpalis, a tsetse fly ; length .03 mm. 

T. brucei Plimmer and Bradford (Fig. 33). The cause of nagana, a 
sickness fatal to horses and cattle and other animals in Africa and is 
conveyed by Glossina morsitans, a tsetse fly. 

T. evansi Steel. The cause of surra,* a fatal disease to horses and 
cattle in Africa, Asia, and America and conveyed by horse flies. 

Order 6. POLYMASTHHDA. 
Three or more flagella and usually several mouth openings present; 
body colorless and without shell: 3 families. 

• See "Collected Studies on the Insect Transmission of Trypanosoma evansi," by 
M. B. Mitzmain, Bull. 94, Hyg. Lab., Wash., 1914. 
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Family DISTOMIDAE. 

Flagella in two symmetrical groups, with a month at the base of 
eaeh: 2 genera. 

Hexamttub Dujardin. Body ovate, with 2 to 4 flagella at forward 
end and hinder end prolonged into 2 thread-like processes: 3 species; in 
fresh water, also parasitic in intestine of amphibians. 

H. inflatus Duj. (Fig. 34). Posterior processes not close together; 
length .027 mm. 

Order 7. ETJGLEMDA. 

Large forms with usually a distinct, spirally striped cnticula; 
1 or 2 flagella present at the forward end, with a so-called 
pharynx at their base and a contractile vacuole opening into the 
pharynx; frequently colonial and usually colored by chromatophores 
in which 1 or more deeply staining bodies, the pyrenoids, may be 
present; paramylum, a substance allied to starch, also usually present: 
3 families. 

Key to the families of Euglenida: 

a, Chlorophyll usually present 1. Euglenidae 

a, Chlorophyll absent. 

b t Without distinct mouth ; saprophytic 2. Abtashdae 

d, With distinct mouth ; holozoic 3. Pabanemidae 

Family 1. EUGLENIDAE. 

Body spindle or pear-shaped with usually a single flagellum; chloro- 
phyll, pyrenoids, and paramylum and an eye-spot almost invariably 
present; contractile vacuole or vacuoles open into a reservoir which 
opens into the pharynx; nutrition mostly holophytic, in some cases 
saprophytic: 6 genera. 

Key to the genera of Euglenidae: 

a, With one flagellum. 
&t Cuticula elastic, animals more or less plastic. 
c, Animal not in a shell. 

4, Animal free-swimming 1. Euglena 

d, Usually attached to other animals 2. Colacium 

c, Animal in a shell 3. Tracheloiionas 

6, Cuticula not elastic and animal not plastic. 

Cj Chromatophores disc-shaped 4. Phacus 

c, Chromatophores in two longitudinal bands 5. Cbyptoqlena 

a, With two flagella 6. Eutbeftia 

1. Euoleha Ehrenberg. Large spindle-shaped flagellates with 
spirally marked cuticula; 1 flagellum, at the base of which are the 
pharynx, eye-spot, and contractile vacuole; color usually, green or 
red, a few being colorless: species numerous; in fresh and brackish 
water. 
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Fig. 35 

Euglena 

viridis 

(Doflein). 



£. viridis Ehr. (Fig. 35). Length .1 mm. or less; body lenticular: 
often very common in pools, which it may color green. 

E. acus Ehr. Body very long, even filiform, pointed behind ; length 
.18 mm. 

E. doses Ehr. Body elongate, .2 mm. long, with nearly 
parallel sides: common. 

2. Oolaozttm Ehrenberg. Like Euglena, but usually 
attached by a short stalk at the forward end to small ani- 
mals; flagellum present in free-swimming condition, but 
usually not present when attached: 3 species; in fresh water. 

0. steini Kent. On Diaptomus; length .04 mm. 

3. Teachzlomowas* Ehrenberg. Like Euglena, except 
the animal has a brown or colorless shell: numerous species; 
in fresh and salt water. 

T. lagenella Stein. Shell ovoid or cylindrical and 
smooth; length .03 mm. 

T. hispida (Perty). Shell ovoid, covered with spines 
and usually dark brown in color; length .03 mm. 

T. annate Ehr. (Fig. 36). Shell brown, punctate; 2 
rows of spines around aperture and spines often around 
posterior end; length .04. 

4. Phacus Nitzsch. Body somewhat asymmetrical, flattened or 
pear-shaped, with spiral strips; hinder end spine-like; chromatophores 
disc-shaped: 6 species; in fresh water. 

P. pyrum (Ehrenberg) (Fig. 37). 
Body top-shaped; length .03 mm. 

P. longicaudus Dujardin. Hinder 
spine very long; length .08 mm. 

5. Obtptoolzna Ehrenberg. Body 
oval, rigid, with 2 lateral green chromato- 
phores and an eye-spot : 1 species. 

0. pigra Ehr. Length .015 mm.: in 
fresh water. 

6. Eutreptia Perty. Like Euglena, but with 2 flagella; body very 
flexible; chromatophores disc-shaped: 1 species. 

E. viridis Perty. Length .05 mm. : in fresh water. 
Family 2. ASTASHDAE. 

Elongated, colorless, more or less amoeboid flagellates without eye- 
spot and usually with striped membrane; sometimes with an accessory 
flagellum: 6 genera. 

• 8ee "Delaware Valley Forms of Tractaeloraopat." by T. C, Palmer, Proc. Acad, 
Nat 8d., X905. 





Fig. 86 



Fig. 87 



Fig. 36 — Traehelomonas annate 

(Palmer) . Fig. 37— Phacm 

pyrum (Conn). 
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Key to the genera of Astasiidae here described : 

Ox Body very flexible 1. Astasia 

a, Body rigid, sickle-shaped 2. Menoidium 

1. Astasia Ehrenberg. Body spindle-shaped; very 
plastic, with striped cuticula: 2 species; in fresh and salt 
water. 

A. contorta Dnjardin (Fig. 38). Length .06 mm.: 
in decaying vegetation. 

2. HEHOnttirK Perty. Body elongate and more or 
less bent, and rigid; cuticular stripes longitudinal: 1 
species. 

If. pellnddnm Perty. Length .08 mm.: in fresh 
water. P!g # 33 

Family 3. PEBANEMIDAE. Astasia 

contorta 

Body usually cylindrical or ovate, plastic or rigid, * «mns). 
and covered by a striped cuticula; 1 or 2 flagella present, at the 
base of which is a distinct mouth; no chlorophyll present: 14 
genera. 

Key to the genera of Peranemidae here described: 

a l Body plastic 

6, Body elongate, attenuated forward 1. Peranema 

6, Body bottle-shaped 2. Ubceolus 

a, Body rigid ; two flagella. 

ft, Pharynx not deep 3. Anisonema 

fc, Pharynx very deep 4. Entosiphoii 

1. Psravexa Dujardin. Body tapers from behind 
forward and very plastic, with a spirally striated cuticula 
and a single flagellum, the tip of which vibrates when the 
animal moves: 1 species. 

P. trichophorum (Ehrenberg) (Fig. 39). Length .08 
mm.: in fresh water. 

2. Urceoltts Mereschkowski. Body spherical or ovate 
with a neck from which the flagellum emerges : 
1 species. 

U. cyclostomus (Stein). Length .03 mm.: 
in fresh water. 
Pig 39 3. Avxsovema Dujardin. Body ovate and 

Peranema compressed with striated cuticula and a „ *' . 
<&nn)/ lateral groove; 2 flagella, 1 of which trails *ffi* m 
behind: 3 species; in fresh and salt water. 
A. vitrenm Duj. Body transparent and with longitudinal furrows; 
length .05 mm. 
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4. Entosiphoh Stein. Body ovate, with 2 flagella of nearly equal 
length, one of which trails behind, a deep ventral furrow and a very 
deep pharynx : 2 species. 

E. sulcatum St (Fig. 40). Length .02 mm.: in fresh and salt water. 

Order 8. PHYTOFLAGELLIDA, 

Flagellates which include most of those forms with holophytic or 
saprophytic nutrition, and are often classed as plants; most of them 
are enclosed in a cellulose shell or jelly; yellow, green or brown chro- 
matophores usually present ; very many are colonial : 4 suborders. 

Key to the suborders of Phytoflagellida here described : 

Ox Yellow chromatophores usually present 1. Chbomomonadina 

o, Green chromatophores usually present. 

b t Mostly non-colonial ; 2 or 4 flagella 2. Chlaiiydoiionadina 

6, Colonial ; 2 flagella 3. Volvoctna 

Suborder 1. CHROMOMONADINA. 

Flagellates with a delicate cuticula and often somewhat amoeboid, 
which are usually enclosed in a shell or jelly, and are often colonial; 
yellowish or bluish chromatophores and 1 or 2 flagella present: 2 
families. 

Key to the families of Chromomonadina: 

Ox Color yellowish ; no pharynx present 1. Chbysomonadidak 

o, Color blue, green or brown, or colorless ; deep pharynx present. 

2. Cbtptomonadidae 

Family 1. CHRYSOMONADIDAE. 

Body usually with a shell or in a jelly, with 1 or 2 flagella and always 
with 1 or 2 yellowish chromatophores, and with or without eye-spots; 
nutrition usually holophytic: 15 genera. 

Key to the genera of Chrysomonadidae here described : 

Oi Body in a shell which it does not fill 1. DlNOBBTON 

a, Body in a shell which fits it closely. 

6j One flagellum 2. Maixoiionab 

6, Two flagella. 

<\ Flagella of equal length 3. Synura 

e, One flagellum long, one short; colonial 4. Uboglena 

1. Dinobryom Ehrenberg. Free-swimming branched colonies, each 
individual of which is in a transparent cup-shaped shell which springs 
from just inside the opening of the shell next behind it; 2 flagella of 
unequal length, 1 or 2 yellowish or brownish chromatophores, and an 
eye-spot present: 3 species; in fresh water. 
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D. sertularia Ehr. (Fig. 41). Shell .04 mm. long: in fresh water, 
often in great quantities; sometimes fouls the water in reservoirs and 
ponds. 

2. Malloxovas* Perty. Free-swimming and solitary, with closely 
fitting reticulated oval shell bearing long spines; 2 yellowish chromato- 
phores; without eye-spot; 1 flagellum: several species in fresh water, 
which may produce an odor and injure water supplies. 

M. punctifera (Ehrenberg). Spines all over shell; length .035 mm. 

3. Syhtoa Ehrenberg. Swimming spherical colonies of about 50 
radially arranged individuals; each individual with 2 flagella, 2 brown 
chromatophores, eye-spots and sometimes spinose: 1 species. 

S. uvella Ehr. (Fig. 42). Length of individual .03 mm.: in fresh 
water. 

4. Uboolsha Ehrenberg. Swimming spherical colonies composed 
of many individuals in a jelly; individual pear-shaped, with 2 unequal 






Fig. 41 Fig. 42 Fig. 48 

Fig. 41 — Dinobrj/on sertularia (Conn). Fig. 42 — 8ynura uvella (Conn). 
Fig. 43 — Uroglena amerioana (Calkins). 

flagella, 2 yellow chromatophores, and an eye-spot: 2 species; in fresh 
water. 

U. americana Calkins (Fig. 43). Length of individual .006 mm.: 
the cause of the fishy taste of the water in some reservoirs. 

Family 2. CRYPTQMONADIDAE. 

Body with a firm cuticula and not amoeboid ; 2 equally long flagella, 
at the base of which is a long pharynx extending to the middle of the 
body; 2 chromatophores present or absent: 3 genera. 

Key to the genera of Cryptomonadidae : 

Ot Without chromatophores. 
ht A row of highly refractive bodies in forward part of body ... 1. Cyathomonas 
6, Without such bodies 2. Chilomonas 

<h With chromatophores 3. Cbyptomonas 

• See "Note on the Vertical Distribution of Mallomonaa," by G. C. Whipple and 
H. N. Parker, Am. Nat, Vol. 33, p. 485, 1890. 
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1. Oyathoxohas Fromentel. Body colorless, ovoid, flattened, with 
obliquely truncated forward end, with 2 flagella of nearly equal length; 
parallel with the anterior border is a row of highly retractile bodies: 
1 species. 

0. trnncata (Fresenius) (Fig. 44). Length .023 mm.: in fresh 
water and infusions. 

2. Chxloxohas Ehrenberg. Body colorless, oval, compressed; for- 
ward end obliquely notched, with two equally long flagella: 2 species; 
in fresh water and infusions. 



# 



Fig. 44 Fig. 45 Fiff. 46 

Fig. 44 — Cyathomonaa truncata (Conn). Fig. 45 — Chilomonas Paramecium (Conn). 
Fig. 4&—Chlamydomonas pulvisculus (Conn). 

0. Paramecium Ehr. (Fig. 45). Body ellipsoid; length .03 mm.: 
very common. 

3. Obyptokomas Ehrenberg. Like Chilomonas, but with 2 green or 
brown chromatophores : 2 species ; in fresh and salt water. 

0. ovata Ehr. Length .03 mm.: in fresh water, to which it may 
give a fishy taste. 

Suborder 2. CHLAMYDOMONADINA. 

Body green in color with 2 or 4 flagella and usually a firm cuticula 
or shell within which division takes place: 2 families. 

Family CHLAMYDOMONADIDAE. 

Cuticula very delicate with no large pores: 7 genera. 

1. Ohlaxtdoxohab* Ehrenberg. Body spherical to cylindrical 
with 2 flagella and an eye-spot, a delicate shell, prominent chromato- 
phores and 2 contractile vacuoles: about 6 species; in fresh water. 

0. pulvisculus Ehr. (Fig. 46). Body spherical, about .02 mm. in 
diameter: in fresh water, to which it gives an oily flavor. 

2. Sfohdyloxortoc Ehrenberg. Colony of 16 cells in 4 alternating 
rows, each cell with 4 flagella: 1 species. 

S. quaternarium Ehr. Diameter of colony .05 mm. : in fresh water. 

3. Polttoma Ehrenberg. Body ellipsoid with a delicate shell and 
2 flagella, colorless, occasionally with an eye-spot; 2 contractile vacuoles; 

• See "Chlamydomonas and Its Effect on Water Supplies," by O. C. Whipple, 
Trans. Am. Micro. Boc, VoL 21, p. 97, 1900. 
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reproduction by division into 4 or 8 cells, which remain in the shell and 
then become free: 2 species. 

P. uvellum Ehr. (Fig. 47). Length .02 mm. : in 
fresh water. 



Suborder 3. VOLVOCINA. 



w 



Colonial flagellates, the individual cells of uv'eiium (Conn7° 

which have each 2 flagella, an eye-spot and green 
ehromatophores, and are imbedded in a common cellulose jelly; repro- 
duction sexual and asexual: 7 genera, all represented in America; in 
fresh water. 

Key to the genera of Volvocina: 

Ox Colony in form of a plate. 
b t Flagella on one side only of colony. 

Cj Colony squarish 1. Gonium 

c, Colony round with a spheroid envelope 2. Stephanosphjeba 

b, Flagella on both sides 5. Platydobina 

a, Colony spherical or ellipsoidal. 
6, Colony microscopic. 

Ct Cells crowded, reaching center of colony 3. Pandobtna 

c, Cells not thus crowded. 

d, Cells alike in size 4. Eudortna 

d, Anterior cells small, posterior ones large 6. Pleodorina 

6 a Colony not microscopic and composed of a large number of cells. . .7. Yolvox 

1. GovXTTM 0. F. Miiller. Colony of few and similar individuals 
forming a squarish plate with the flagella on one 
face only; asexual reproduction by repeated divi- 
sion of all the cells, each forming a new colony; 
sexual reproduction the result of the conjugation 
of pairs of similar individuals, the zygotes thus 
formed, after a resting stage, each developing into 
a colony : 2 species, 1 American ; in fresh water. 

Pig. 48 G. pectorale 0. F. Miil. (Fig. 48). Colony 

Qonium ptctorale consists of 16 cells and .06 mm. in diameter: 

(Doflein). 

cosmopolitan. 

2. 8TSPHAV08FHJBBA Cohn. Colony consisting of 4 or 8 cells ar- 
ranged in a ring which is surrounded by a large rounded envelope of 
which the cells form the equator; reproduction as in Gonium: 1 species. 

S. plmrialis Cohn. Envelopes up to .06 mm. in diameter. 

3. Pavdoeika Bory de Vincent. Colony more or less spherical, 
composed of 16 or 32 crowded cells which reach the center and are sur- 
rounded by a lamellate envelope; reproduction as in Gonium, except that 
the conjugating cells may differ slightly in size : 1 species. 
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P. mornm Bory. (Fig. 49). Colony up to .09 mm. in diameter: 
cosmopolitan. 

4. Eudobxha Ehrenberg. Colony more or less spherical, composed 

usually of 32 (occasionally of 16 or 64 cells) which are 
not close together and do not reach the center, and 
are surrounded by an envelope; asexual reproduction 
as in Gonium; at certain times sexual colonies appear, 
the female being like the ordinary colony, the male 
colony consisting of long, spindle-like cells which be- 
come free and unite with the female cells forming the 
zygotes: 2 species. 

E. elegans Ehr. (Fig. 50). Colony about .15 mm. 
in diameter: cosmopolitan. 

5. Platydokina* Kofoid. Colony flattened, horseshoe-shaped, com- 
posed of 16 or 32 cells with the flagella on both faces on alternate cells 
which are alike; asexual reproduction as in Gonium; sexual reproduction 
not observed: 1 species. 

P. caudata Kofoid (Fig. 51). Colony about .15 mm. long and .13 
mm. wide ; posterior end of envelope with 3 or 5 tails : Illinois. 



?t : / . 


.*,p^ 


Fig. 49 


Pandorina morum 
(Conn). 





Fig. 50 Fig. 51 » Fig. 52 

Fig. SO—Eudorina elegans (Jordan and Kellogg). Fig. 51— Platydorina caudata 

(Kofoid). Fig. 52— Pleodorina iUinoiaensis (Kofoid). 

6. Pleodobiha Shaw. Colony more or less spherical, composed of 
16 to 128 cells, certain of which are reproductive and the rest vegeta- 
tive, the former being twice the size of the latter, and posterior in 
position; asexual reproduction as in Gonium; sexual reproduction not 
observed: 2 species; both in America. 

P. calif ornica Shaw. Cells 64 or 128, half of which are vegetative: 
California. 

P. illinoisensist Kofoid (Fig. 52). Cells 32, rarely 16 or 64, 4 of 
which are vegetative, .12 mm. in diameter: Illinois. 

•See "On Platydorina," etc., by C. A. Kofoid, Boll. 111. St. Lab., Vol. 5, 
p. 419, 1899. 



t See "On Pleodorina IHlnolsensis," 
Vol. 5, p. 273, 1898. 



etc., by C. A. Kofoid, 111. St Lab., 
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7. Volvox* L. Colony forms a hollow sphere of large size and 
composed of hundreds or thousands of cells connected by protoplasmic 
threads, and not differing in size; asexual reproduction by so-called 
parthenogonidia which are cells in the center of the colony (1 to 9 in 
number), which form there by repeated division daughter-colonies; at 
certain times sexual cells appear, the androgonidia and gynogonidia, 
which retire to the center of the colony where 
the latter are fertilized by the former and 
after a resting period the zygotes develop into 
new colonies: several species; in all parts of 
the world. 

V. globator L. (Fig. 53). Colony of 1,500 to 

22,000 cells and up to 1.2 mm. in diameter: pro- _ 

x , . Al , , , Pig. 53— Volvom 

toplasmic threads may contain chromatophores : oiohator 

cosmopolitan. 

V. aureus Ehrenberg (V. minor Stein). Colony of 200 to 4,000 

cells and up to .85 mm. in diameter; protoplasmic threads contain no 

chromatophores : cosmopolitan. 



Subclass 2. DINOFLAGELLIDIA.t 

Flagellates in most cases with a shell, around the equator of which 
is a transverse groove in which lies a flagellum; a second flagellum is 
also in most cases present, which may spring from a second and vertical 
groove; body sometimes colored by chromatophores: 3 orders. 

Key to the orders of Dinoflagellidia here described : 

Ox No transverse groove ; 2 flagella at forward end 1. Adinida 

a, Two grooves, a transverse and a longitudinal 2. Diniferida 



Order 1. ADINIDA. 

Body without groove; 2 flagella at the forward end; shell composed 
of a right and a left half: 2 genera. 

1. Exuviella Cienkowsky. Body ovoid, shells compressed and 
composed of right and left valves; 2 brown chromatophores present: 5 
species; marine. 

• See "New Forms of Volvox," by J. H. Powers, Trans. Am. Mic. Soc, Vol. 27, 
p. 123. "Light Reactions in Lower Organisms — II Volvox," by S. O. Mast, Jonr. 
Comp. Neur. and Psy., Vol. 17, p. 99, 1907. "Le Volvox," by C. Janet, 1912. 

• f See "New Species of Dlnoflagellates," by C. A. Kofold, Bull. Mus. Com. Zool., 
Vol. SO, p. 163, 1907. "Dlnoflagellata of the San Diego Region," by same, Univ. of 
Cal. Pob. Zool., VoL 3, p. 299, 1907. 
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E. lima (Ehrenberg) (Fig. 54). Anterior border of botb shells 
slightly indented; length .04 mm.; slow of movement: at Woods Hole. 

Order 2. DINITERIDA. 

Two grooves present, a transverse and a longitudinal: 2 families. 

Key to the families of Diniferida: 

Ox Transverse groove near middle of body 1. Pebidinidae 

o, Transverse groove above the middle 2. Dinophysidajb 

Family 1. PEBIDINIDAE. 

Transverse groove medium; longitudinal groove short; shell, when 
present, composed of plates or not; plates either equatorial (bordering 
the transverse furrow), apical, or antiapical, while a rhombic plate may 
extend from the transverse furrow to the apex: about 4 genera. 

Key to the genera of Peridinidae: 
o» With shell. 
&t Reticular markings on shell, 
c, Anterior part of shell with 7 equatorial and 1 rhombic plates. 

1. Pebidiniuic 
<% Anterior part of shell with 3 equatorial and no rhombic plates. 

2. Ceratiuic 

b 2 No markings on shell 3. Glknodiniuic 

o, Without shell 4. Gymnodiniuic 

1. Peridiniuk* Ehrenberg. Body globular or elongate; shell with 

distinct transverse groove, which may be spiral and with about 20 

plates: 9 species, fresh and salt water; many species are reddish in 

color and may be in sufficient numbers to color the sea. 

P. digitale Pouchet (Fig. 55). Shell with large 

pits and with oblique furrow, 1 posterior and 2 

anterior spines; length .06 mm.: Woods 

Hole; marine; common. 

P. divergens Ehr. Shell spherical, 

tapering posteriorly, with 2 large spines 

anteriorly ; length .07 mm. : Woods Hole ; 

marine; common. 

2. OEKATnrMf Schrank. Body a 

flattened sphere with 3 long projections; 

Fig. 54— ExuvieTla transverse groove either spiral or cir- 
lima (Calkins). 

cular; longitudinal groove usually wide; 

shell reticulate or striped and composed of 10 plates ; color usually green 

or brown: numerous species; in fresh and salt water. 

• See "Peridlnium and the 'Red Water' in Narragansett Bay," by A. D. Mead, 
Scl. N. 8., Vol. 8, p. 707, 1898. 

t See "Mutations in Ceratium," by C. A. Kofold, Bull. Mns. Comp. Zool., Vol. 52, 
p. 213, 1909. 





Fig. 55 

Peridinium 

digitale 

(Calkins). 
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0. tripos Ehrenberg (Fig. 56). Body triangular with 1 very long 
and 2 short curved projections; length .29 mm.: Woods Hole; marine; 
common. 

0. fusus Ehr. Animal very elongate, due to presence of 2 long 
projections in the same line; length .28 mm.: Woods Hole; marine; 
common. 

3. Guhodxyxum Stein. Small globular forms with a transverse 






Fig. 56 



Fig. 57 



Fig. 58 



Fig. 56 — Cemtium tripos (Calkins). Fig. 57 — Olenodinium compresaum (Calkins). 
Fig. 58 — Qymnodinium gracile (Calkins). 

groove on anterior half and a short longitudinal one; shell soft and 
structureless and without markings: 6 species; in fresh and salt water. 

G. compressum Calkins (Fig. 57). Body ovoid, compressed, with 
deep transverse and longitudinal grooves; hinder end often pointed and 
this point becomes attached; length .04 mm.: Woods Hole. 

4. GnGfODnmnc Ehrenberg. Body without shell and spherical, 
sometimes pointed or flattened: 8 species; in fresh and salt water. 

G. gracile Bergh (Fig. 58). Transverse groove in anterior half; 
longitudinal groove long; color brown; length .06 mm.: Woods Hole; 
marine. 

Family 2. DINOPHYSIDAE. 

Transverse groove near upper end of body, its edges as well as edge 
of the longitudinal groove being usually produced into 
characteristic ledges. 

1. AxFHXDrjrnrM Claparede and Lachmann. Body 
ovoid and flattened; longitudinal groove extending from 
hinder end to transverse groove near forward end; shell 
absent; color, brown or green: 2 species; in fresh and 
salt water. 

A. opercnlatum CI. and Lach. (Fig. 59). Length .04 
mm.: Woods Hole. 




Fig. 50 



Atnphidinium 

operculatum 

(Calkins). 



Subclass 3. CYSTOFLAGELLIDIA. 

Marine flagellates of large size with a parenchymatous protoplasm: 
several genera. 
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Noctilttca Suriray. Body spherical and 1 mm. or less in diameter, 
with a median groove in which lies a large feeler and a small flagellum, 
as well as the mouth; single nucleus present; reproduction by division 
and by spore-formation: 1 species; marine. 

N. miliaris Sur. In the Atlantic and Pacific Oceans; often so plen- 
tiful that the sea is colored red by day and glows by night with an 
intense phosphorescent light. 

Class 3. SPOROZOA.* 

Parasitic protozoans which live in the cells, tissues, and open spaces 
of other animals. The body is usually bounded by a thick cuticula; it 
has no external openings or contractile or gastric vacuoles, and in most 
cases but one nucleus. In the adult condition there are no organs of 
locomotion, although the animals have often the power of sluggish 
movement. Being entoparasites, all Sporozoa absorb food in a fluid 
or gaseous form through the outer surface of the body. Reproduction 
is carried on through the medium of spore formation, which usually 
follows encystment, the reproductive processes being in many forms 
very complex. Simple division does not occur. The Sporozoa are very 
widely distributed, living as parasites in every class of animals from 
Protozoa to Vertebrata: they are often the cause of disease both in 
man and the lower animals. The class contains two subclasses and 
about 400 known species, besides about as many uncertain species. 

Key to the subclasses of Sporozoa: 

Ox Sporozoa in which spore formation ends the individual life, including the great 
majority of the class 1. Telosporidia 

o, Sporozoa in which the entire cell does not form spores but sporocysts are 
formed during life 2. Neosporidia 

Subclass 1. TELOSPORIDIA. 

In these Sporozoa the individual life ends with spore formation, 

the entire cell forming spores: 3 orders. 

Key to the orders of Telosporidia: 

Ox Parasitic as adults in the open spaces and organs of the host. .1. Gbkoabinida 

o, Parasitic in the solid tissues and not the open spaces 2. Coccidiida 

o, Parasitic in the blood of vertebrates 3. FLemospobidiida 

Order 1. GREGARINIDA. 

Usually elongate Sporozoa with a thick cuticula and a distinct 
nucleus; life history includes two stages, an attached stage, when the 
animals are known as cephalonts, and a detached and sporulating stage, 

• See "Sporozoa," by A. Labb6, Das Tierrelcb, 1899. 
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when they are called sporonts and live in the open spaces of the organ 

to the walls of which they have been attached; body in most cases 

made ujtof two or three parts (Fig. 65), the epimerite at the forward 

end, which is the organ of attachment of the cephalont and may be 

dropped by the sporont, and the body, which may be divided by a septum 

into the deutomerite which forms the bulk of the body and contains the 

nucleus and the protomerite which lies between it and the epimerite: 

about 300 species grouped in 2 suborders. 

Key to the suborders of Gregarinida : 

a, Gregarines with an epimerite, and with or without a septum between the 

deutomerite and protomerite 1. Cephalina 

a, Gregarines without epimerite and consisting of a single chamber. 

2. ACEPHALINA 

Suborder 1. CEPHALINA. 

Gregarines possessing an epimerite at 
some stage of their life which is sunk 

into the walls of the organs of the Jg§ BHHffiB 

host in which they live; body usually elon- 
gate, the animals being often in associated '" 
couples or groups arranged tandem, in 
which case the first individual is called the 

primite and the others the satellites: in „™ m«\a 

arthropods as adults, especially in the intes- 
tine of myriapods, beetle^ and Orthoptera; A 
10 families and about 100 species. rum*\i%Effi a 2!"tX& 

Key to the families of Cephalina here $?£&£&$& ?TS«i 
described: c ' 8pore - 

a x Spore more or less ovoid 1. Gregabinidae 

a, Spore not ovoid. 

6, Epimerite asymmetrical 2. Daottlophoridae 

6, Epimerite symmetrical. 

c, Spore symmetrical, animal solitary 3. Actinocephaltdae 

c s Spore asymmetrical. 

d, Spore crescent-shaped ; animal solitary 4. Mknosporidae 

dj Spore ovoid with polar thickening ; in marine annelids .. 5. Douoctstidae 

Family 1. GREGABINIDAE.* 
Individuals either associated, forming a chain with a septum sep- 
arating each two individuals, or solitary; epimerite simple and sym- 
metrical: 8 genera and about 35 species. 

• See "List of the Polycystld Gregarines of the Untted States," by H. Crawley, 
Proc. Acad. Nat. Scl., VoL 55, p. 41, 1903. "The Polycystld Gregarines of the United 
8tates," by H. Crawley, same, p. 632. "Movements of the Gregarines," same. Vol. 57, 
p. 89. "Study of Some Gregarines," etc., by M. C. Hall, Stud, from Zool. Lab. Unly. 
Neb„ No. 77, 1907. "The Polycystld Gregarines of the United States," by H. Crawley, 
Proc Acad. Nat Set, 1907, p. 220. 
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Key to the genera of Gregarinidae here described : 

Ox Individuals usually associated 1. Gbboahna 

a, Individuals usually solitary 2. Stenophoba 

1. Gbegabxva Dufour. Individuals usually associated; epimerito 
simple and small but varying in form, being conical or spherical; cysts 

spherical or ovoid, when ripe with long projections called 
sporoducts through which the spores emerge: about 20 
species; in the digestive tract of insects. 

G. blattarum von Siebold (Fig. 60). Body elongate 
but somewhat irregular; cyst ovoid with long sporo- 
ducts; length about .5 mm.: in the intestine of the 
cockroach. 

G. achetae-abbreviatae Leidy (Fig. 61). Deutomerite 
ellipsoidal or oval; protomerite hemispherical; animals 
solitary or in pairs; length .5 mm.: in the common 
cricket. 

G. melanopli Crawley. Protomerite cubical or flat- 
tened; deutomerite more or less rectangular; length .37 
mm.: in intestine of the grasshopper. 

G. locuatae-carolinae Leidy. Protomerite globular on 
which the epimerite appears as a small round knob; 
deutomerite globular; length .35 mm.: in intestine of the 
large grasshopper, Dissosteira Carolina. 

2. Stehophora Labbe\ Body large, ovoid or elongate; 
cyst without sporoducts ; protomerite small : 4 species. 

8. juli Frantzius (Fig. 62). With the characters of the genus; 
protomerite often conical: very common in the intestine of Julus. 



Fig. 62 

Btenophora 

juli 
(Crawley). 



Family 2. DACTYLOPHORIDAE. 

Epimerite asymmetrical and irregular, with digitiform processes: 
5 genera. 

1. EoHnroXBBA Labbe* (Echinocephalus Schnei- 
der). Body ovoid and massive; epimerite conical 
with the apex excentric and varied in form: 
1 species. 

£. hispida (Schneider) (Fig. 63). Deutomerite 
eight or ten times as long as the other two divi- 
sions; animal very active: common in gut of 
Lithobiu3. 

2. TBX0H0&HYVCHV8 Schneider. Protomerite cylindrical or trun- 
cated with a long rostrum: 1 species. 



Fig. 63 Fig. 64 

Fig. 63 — Eohi- 
nomera hispida (from 
Bronn). Fig. 64 — 
Amphoroides fontth 
riae (Crawley). 
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T. pnlcher Schneider. In the intestine of Scutigera; length .07 mm 

Family 3. ACTINOCEPHALIDAE. 

Solitary animals with symmetrical epimerite; spores symmetrical 
and spindle-shaped: 17 genera and about 27 species. 

1. Axphosoides Labb6. Epimerite simple and regular, with a 
conical point; protomerite very short and cup-like; spores biconical: 
2 species. 

A. fontariae Crawley (Fig. 64). Deutomerite a long oval, hinder 
end being always blunt; protomerite circular or pen- 
tagonal; length JL3 mm.: in diplopods of the family 
Polydesmidae; often numerous. 

2. Abtebophora L^ger. Epimerite mucronate and 
elongate; protomerite usually larger than the deutom- 
erite: 3 species. 

A. cratoparis Crawley (Fig. 65). Deutomerite lance- 
olate, terminating bluntly; protomerite round with a Fig. 65 

conical projection in front; epimerite small, consisting of Asterophor* 

cratoparis 
a number of ribs; length 5 mm.: in curculionid beetles. (Crawley). 

Family 4. MENOSPORIDAE. 

Epimerite large, joined by a long neck with the 
protomerite; spores crescent-shaped: 2 genera. 

Hoflo&htvohto Cams. Animals solitary; elliptical 
in shape; epimerite with 6 to 8 long marginal teeth: 
2 species. 

H. actinotua (Leidy) (Fig. 66). Deutomerite conical 

with a pointed hinder end; protomerite small, tending to 

r ilri^ ^ use w ^ 1 ^ e deutomerite ; epimerite long, with a large 



Eoplorhyn- 

chut 
actinotus 
(Crawley). a diplopod. 



tkHot spreading front end; length .5 mm.: in Scolopocryptopa, 



Family 5. DOLIOCYSTIDAE. 

Deutomerite not separate from protomerite: spore ovoid, with polar 
thickening: 1 genus. 

Doliootstib Leger. With the characters of family: 6 species. 

D. rhyncoboli Crawley. Deutomerite long, tapering to the hinder 
end; protomerite and epimerite small: in the intestine of Rhynchobolus 
amencamu. 
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Fig. 67 — Monoov$ti9 lumbrioi (from Bronn). 

A, single Individual; B, a spore; 

C, a cyst. 



Subobdeb 2. ACEPHAUNA. 

No epimerite present, the body consisting of a single chamber; 
spore spindle-shaped: about 10 genera and numerous species, which live 

principally in the body cavity 
of the host and the organs con- 
nected with it. 

Monootstis Stein. Body 
ovoid or elongate, sometimes 
with long cuticular filaments ; 
individuals mostly solitary: 
about 10 species. 

M. lumbrici (Henle) 
(M. agilis Stein) (Fig. 67). 
Length 2 mm.: in intestine, genital organs and ccelom of the earth- 
worm; common. 

M. clymenellae* Porter. In the body wall of Clymenella torquata. 

Obdeb 2. 0OC0IDHDA. 

Sporotoa of spherical or ovoid shape without a free stage, which 
live imbedded in the solid tissues of the host, usually as intracellular 
parasites; reproduction by sporulation with an 
alternation or generations: 5 families and 70 
species. 

EnczBXA Schneider (Coccidium Leuckart). 
Cyst ovoid, each on sporulation forming 4 sporo- 
blasts, each of which produces 2 spores: 13 
species. 

£. stiedae (Lindemann) (E. cuniculi Rivolta) 
(Fig. 68). In the liver and other organs of 
rabbits and other animals, also in the human liver; length of cyst 
.04 mm. 

Order 3. HJEMOSPORTDUDA, 

Sporozoa parasitic in the blood of vertebrates, with or without a 
change of hosts ; reproduction occurs by asexual spore-formation usually 
in the body of some other animal where conjugation takes place fol- 
lowed by pseudosexual spore-formation: about 4 genera. 

1. Plaskodzttk Marchiafava and Celli. An intra-corpuscular para- 
site in mammalian blood corpuscles where it finally breaks up into about 
12 asexual spores (merozoites) which are often grouped about a central 

• See •Two New Grcgmrinlda," by J. F. Porter, Jour. Moron* Vol. 14, 1908. 




Fig. 68 — Eimeria 
Btiedae (Doflein). An 
Infected intestinal epi- 
thelium. 



Digitized by 



Google 



G)($)<2> 



SPOBOZOA 47 

body composed of melanin pigment, and then enter other corpuscles; 
spore-formation occurs every seventy-two hours or oftener, and is 
accompanied by a chill in the patient followed by a fever; if the blood 
is drawn into the intestine of a mosquito of the genus Anopheles certain 
of these spores produce flagellate individuals (microgametes) , and others 
produce rounded spores (tnacrogametes) ; these two 
conjugate, and motile individuals (zygotes) are the 
result, which penetrate the intestinal mucous mem- 
brane and form large cysts on its outer surface; 
here they sporulate and develop finally into long, 
slender sporozoites which migrate into the body 
cavity and then into the salivary glands of the Fl *-, 6 L"~ SiW 1 ?^ 

mosquito and are injected with the saliva into the ? h e 6 circles represent 

"* blood corpuscles Into 

blood of the next person the mosquito bites: which the parasite has 

* ^ entered (A), where It 

3 species. grows until it fills the 

r corpuscle (B) and 

P. malarias (Laveran) (Fig. 69). The cause *gafij breaks up into 

aoout o spores (r)t 
of quartan malaria, in which the chill and fever &* whole process oc- 

M ' copying 72 hours. 

occur every seventy-two hours. 

P. vivax Grassi and Feletti. The cause of the tertian malaria in 
which the chill and fever occur every forty-eight hours. 

P. falciparum Welch. The cause of pernicious or autumnal malaria 
in which the chill and fever occur every twenty-four hours, or irregularly. 

2. Babesia Starcovici (Pyrosoma Smith 

C?\ f^\ C^l Ms) and Kilbourne; Piroplasma Patton). An intra- 
J ^-^ ^ — ' ^^ corpuscular parasite of mammalian blood- 
(jt^ (H^\ Ca$\ C~^\ cor P U8C ^ e8 > without melanin pigment; trans- 
vL*^ xtSr mjr ^i^/ mission by the bite of ticks in whose intestine 

m<^*(^fleTnf a *T^8 b dlr^ the pseudosexual processes occur: many 
cles represent blood corpus- gnecips. 
clea containing the parasite. B P ewes - 

B. hominis (Manson) . The cause of Rocky 

Mountain spotted fever in man, the tick involved being Dermacentor 

venustus. 

B. bigemina (Smith and Kilb.) (Fig. 70). The cause of Texas fever 

in cattle, the tick involved being Margaropus (Boophilm) annulatus. 



Subclass 2. NEOSPORIDIA. 

Sporosoa which form sporocysts throughout life, the entire cell not 
being used in the formation of spores: 4 orders. 
Key to the orders of Neosporidia here described : 

a, In the organs of fishes and insects 1. MYXOSFOimmDA 

a, In the muscle fibres of vertebrates 2. Sa&cosporidiip* 
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Obdek 1. MYXOSPORIDIIDA.* 

Sporozoan parasites which occur in various organs of fishes, insects, 
and other animals; body amoeboid or spherical and multinuclear ; sporu- 
lation gives rise to sporoblasts in each of which one to several spores 
develop: 4 families, including some dangerous parasites, one of which 
is Glugea bombysis, the silk-worm parasite, which in thirteen years 
previous to 1867 caused a loss in France of one billion francs. 

Family MYXOBOLIDAE. 

Parasites of fishes rarely found in the amoeboid form, but usually 
as cysts filled with spores in which are vacuoles which are stained 
reddish brown by iodine: 3 genera. 

Myxobolttb Biitschli. Spores ovoid or elliptical: about 40 species. 

M. lintoni Gurley. In all the tissues of Cyprinodon variegatus. 

Order 2. SAROOSPORIDIIDA. 

Sporozoan parasites in the muscle fibres of 
vertebrates; body elongate forming cysts with a 
double membrane, in which are spores: 1 genus. 

2. Sarcocystis Lankester. Elongated Sporo- 
zoa living in the muscle fibres of the pig, sheep, rat, 
and other animals : about a dozen species. 

S. miescheriana (Kiihn) (Fig. 71). Length of 
cyst 3 mm.: in the pig. 

Class 4. INPUSOEIA.t 

The Infusoria are distinguished by their defi- 
nite body form, the outer surface of the body being 
bounded by a firm cuticula, and by the possession 
of cilia. These cilia are short hair-like pro- 
jections of the ectosarc through the cuticula, 
and in the various species may appear as rapidly 
vibrating locomotory organs, or may be united 
to form tentacles, spines, membranes, or suck- 
ing tubes. The ectosarc is often highly specialized, 
it contains large numbers of defensive organs 
which are minute rods lying perpendicular to 




Fig. 71 — 8orcocy$ti* 
miescheriana 
(Dofleln). A, a cyst; 
B, a piece of pork 
containing cysts. 



In many forms 
called trichocysts, 



• "The Myxosporldia or Psorosperms of Fishes and the Epidemics Produced by 
Them," by R. R. Gurley, Bull. U. S. Fish. Com., Vol. II, 1893. 

f See "A Manual of the Infusoria/' by W. S. Kent, 1881. "A Preliminary Contri- 
bution towards a History of the Fresh-water Infusoria of the United States," by 
A. C. Stokes, Jour. Trenton Nat Hist Soc., Vol. 1, p. 71, 1888. 
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the surface which may be shot out into the water. In a few 
forms (Vorticella) nettle organs are present. The ectosarc often con- 
tains muscle ridges called myonemes, which appear as parallel longi- 
tudinal or spiral lines, and in a few cases (Stentor) striated muscle 
fibrillae are present. The entosarc is more fluid than the ectosarc and 
is granular and contains a variety of specialized structures. Chief of 
these are the nuclei, of which two kinds are present, the micronucleus 
and the macronucleus. The latter is of large size and often branched 
or irregular in shape, and is supposed to be vegetative in function. 
The very much smaller micronucleus, of which more than one may be 
present, lies alongside the macronucleus and is chiefly concerned with 
reproduction and conjugation. The entosarc also contains one or more 
contractile vacuoles and food vacuoles. The former have a definite 
position in the body and serve to eliminate the water taken in with the 
food vacuoles together with the excretory wastes. The food vacuoles 
are globules of water which are taken into the entosarc together with 
the food. 

The food of Infusoria consists of organic particles of all sorts: 
some live principally on animal food, some on plant food, many are 
scavengers, and a few are parasitic. In all, with the exception of 
certain parasitic forms, mouth and gullet are present: an oral groove 
may lead to the mouth. The anus is usually a temporary opening. 

The Infusoria reproduce by division, the animal in most cases 
dividing into two equal parts. In some forms division takes the form 
of budding. Conjugation takes place in all Infusoria. The two conju- 
gating individuals fuse, in most cases temporarily by the ectosarc of 
the mouth region, and an interchange of micronuclear substance takes 
place. The macronucleus disintegrates in each animal while the micro- 
nucleus divides several times. The products of these divisions disin- 
tegrate, with the exception of a single one, which divides again. Of 
the two micronuclei thus obtained in each of the conjugating individ- 
uals, one migrates across to the other individual and fuses with the 
micronucleus remaining there. This fusion micronucleus then divides 
and a portion of it enlarges to form a new macronucleus. Where more 
than one micronucleus is present, it is probable that this process goes 
on with all of them. All Infusoria encyst themselves at certain times, 
in which condition they may be carried by the wind long distances. The 
Infusoria are found in both fresh and salt water. The name originated 
with Ledermiiller in 1763 and was at first applied to all minute organ- 
isms which may appear in infusions. Only in modern times has its 
use been confined to protozoans. The class contains, about 1,200 species 
grouped in 2 subclasses^ 
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Key to the subclasses of Infusoria: 

a, Cilia present 1. Ciliata 

a, No cilia present in the adult, bat long sucking tubes 2. Suotobxa 



Subclass 1. CILIATA. 

Protozoa with cilia and usually with a definite mouth and gullet: 
4 orders with about 1,000 species, of which about 400 are marine. 
Key to the orders of Ciliata: 

Ox Cilia usually, but not always, present on all parts of the body. 

b x Cilia all approximately of the same length 1. Holotrichida 

b 2 Mouth surrounded by an adoral zone of large cilia 2. Hetebotbichida 

a, Cilia present on only a part of the body. 

6, Cilia confined to the ventral side 3. Htfotrichida 

bt Cilia confined to one or more rings around the body 4. Peritrichida 

Order 1. HOLOTRICHIDA. 

Protozoa in which the cilia are usually evenly distributed over the 
body, with a tendency to arrange themselves in straight lines, which 
have often a spiral arrangement; in the vicinity of the mouth the cilia 
are often longer than elsewhere and in a few forms are confined to this 
region; trichocysts almost always. present: 10 families. 

Key to the families of Holotrichida here described : 

a, Animals not parasitic. 

b x Mouth closed except when taking in food, and without undulating membrane. 
* Cj Mouth terminal or subterminal. 

d t Body usually oval or cylindrical 1. Enohelinidae 

d\ Dorsal side arched ; forward end often neck-like 2. Trachelinidae 

c, Body ovoid ; mouth in middle or posterior region 3. Chlamydodontidae 

b t Mouth always open and ventral with an undulating membrane around it or 
in the gullet 
Cx Oral groove absent or slightly developed. 

d\ No equatorial zone of cilia 4. Ciiiliferidae 

dj Broad equatorial zone of cilia 5. Ubocentbidae 

c, Long oral groove present. 

d\ No undulating membrane along oral groove 6. Parameciidae 

d\ An undulating membrane along the oral groove 7. Pleuronemidae 

a, Animals parasitic ; mouth absent 8. Opalinidab 

Family 1. ENCHELINIDAE. 

Usually oval Infusoria, sometimes with a long slender forward por- 
tion, with a terminal mouth by which large objects are swallowed, food 
not being introduced in currents, as the gullet is never ciliated: about 
18 genera; principally in fresh water. 
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Key to the genera of Enchelinidae here described : 

Ox Cilia cover whole body. 
&! Body not covered with rectangular plates. 
Cj Body not elongate and contractile. 
d\ Gnllet absent or short. 
€r Posterior bristle not present. 

ft Month terminal ; body ovoid 1. Holophbta 

f a Month subterminal ; body with slight neck 2. Enohelts 

e, Posterior bristle present 3. Ubothicha 

a\ Gullet long and lined with a membrane 4. Pbobodon 

c, Body elongate and contractile. 

d\ Body flask-shaped with contractile neck 5. Lacbymabia 

a\ Body very long and contractile 7. Trachelocebca 

6, Body covered with rectangular plates 6. Goleps 

a, Cilia confined to 1 or 2 girdles. 

6, Deep equatorial furrow present 8. Mesodinium 

6, No such furrow 9. Didintum 

1. Holophbta Ehrenberg. Body striated, cylindrical or ovoid; 
ciliation uniform; no trichocysts: 6 species; in fresh and salt water. 






Fig. 72 



Fig. 73 



Fig. 74 



Fig. 72 — Holophrya discolor (from Bronn). Fig. 73 — Enchely$ pupa (Conn). 
Fig. 74— Urotricha fareta (Conn). 

H. discolor Ehr. (Fig. 72). Body ovoid ; length .04 mm. : in standing 
water. 

2. Enohelts 0. F. Mutter. Anterior end somewhat elongated and 
truncated with subterminal mouth: 5 species; in fresh and salt water. 

£. pnpa Ehrenberg (Fig. 73). Body ovoid; length .08 mm.; color 
often greenish. 

3. Usotbioha Claparede and Lachmann. Like Holophrya, but with 
a bristle at hinder end: 2 species; in fresh water. 

U. fareta CI. and Lach. (Fig. 74). Springs with its bristle; length 
.02 mm. 

4. Pbosodon Ehrenberg. Body ovate or ellipsoid, with a long 
gullet lined by a membrane: 8 species; in fresh water. 

P. grisens Claparede and Lachmann. Length .25 mm.: in standing 
water. 

5. Laobtxa&xa Ehrenberg. Body flask-shaped, with a contractile 
neck and spiral striations ; 4 species ; in fresh and salt water. 
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Fig. 75 

Lacrymaria olor 
(Conn). 




Colepa hirtu* 
(Con 



L. olor (0. F. Miiller) (Fig. 75). Body extremely 
elastic, colorless or green; length without neck 2 mm.; 
neck may be much longer than body: in fresh water. 

L. lagennla Claparede and Lachmann. Body flask- 
shaped, with a short conical neck which has a crown 
of longer cilia; length up to .16 mm.: in decaying 
marine and fresh-water algae. 

6. Oolepb Nitzsch. Barrel-shaped, 
rigid, with an armor composed of rect- 
angular plates between which the cilia 
project: 3 species; in fresh water. 

0. hirtus Ehrenberg (Fig. 76). Gray 
or green; length .04 mm.: in swamps. 

7. Tbaohelooesoa Ehrenberg. Body 
very long, slender, and contractile: ma- 
rine; 1 species. 

T. phcenicopterus Cohn (Fig. 77). 
Length up to 1.7 mm.; with a four-sided mouth, which may not be 
seen : Woods Hole. 

8. Mesodihittm Stein. Body globular or conical, with a deep furrow 
around the middle from which spring one or more rows of cirri; 4 con- 
tractile tentacles in the mouth: 3 species; in fresh and salt 
water. 

11 cinctum Calkins (Fig. 78). Cirri projecting forward 
number about 30: marine; Woods Hole. 

9r DiDiimnc Stein. Body cylindrical, with 1 or 2 
girdles of cilia and with a horseshoe-shaped macronucleus ; 
forward end a projecting cone with the mouth at the tip: 
2 species; in fresh water. 

D. nasutum* (O. F. Miiller) (Fig. 79). Length. 1 mm.: 
feeds on Paramecium and 
other large infusorians. 

Family 2. 
TBACHELINIDAE. 
Dorsal side of body 
arched; mouth terminal 
or subterminal, usually 
at the end of a long 
neck: 6 genera. 



Fig. 77 

Trachelocerca 
phcenicop- 
terus 
(Calkins). 




Fig. 78 



Fig. 78 — Mesodinium cinctum 
(Calkins). 



nasutum (Mast 



iBtf. 



Fig. 79 

ium c 
79 — Didinium 



• See "The Reactions of Didinium nasutum," etc., by S. O. Mast, Biol. Bull* 
Vol. 16, p. 91, 1909. 
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Key to the genera of Trachelinidae here described : 

Ot Distinct neck region. 
ft» Mouth runs the length of the neck. 

c, Entire body uniformly ciliated 1. Amfhileptus 

c, Ventral surface only ciliated 2. Lionotus 

6, Mouth at base of neck, which is very long 4. Dilkptus 

a, No distinct neck region 3. Loxophyllum 

1. Aktkzleptttb Ehrenberg. Body often curved, elongate, flattened, 
with a sharp neck-like forward end; no gullet: 3 species; in fresh and 
salt water. 

A. gntta Claparede (Fig. 80). Macronucleus double; length .08 mm. 





Fig. 80 — AmpMleptus gut (a 
(Conn) . Fig. 81 — Lionotus fou- 
rfold (Calkins). Fig. 82 — Lowo- 
phyllum rottratum (Conn). 



Fig. 80 



Fig. 82 



2. Liokotttb Wrzesniowski. Body elongate, tapering to both ends, 
with a large hump ; usually two macronuclei ; flattened side only ciliated ; 
anterior end neck-like: 6 species; in fresh and salt water. 

L. wrzesniowskii Kent. Length .18 mm. : in fresh water. 

L. fasdola (Ehrenberg) (Fig. 81). Body ellipsoid, hinder end 
conical; length up to .6 mm.: in fresh and salt water; Woods Hole; Cold 
Spring Harbor. 

3. Loxophtllvx Dujardin. Body flat, with a broad hyaline border; 
anterior projection slight, turned to the right; trichocysts often in 
papilla-like groups; nucleus often bead-like: in standing water; 4 
species; in fresh and salt water. 

L. rostratnm Cohn (Fig. 82). Body elongate; 
length .15 mm.: in fresh water. 

L. aetigenun Quennerstedt. Body broad; 1 
mm. long: in salt water. 

4. DlLEPTTrs Dujardin. Body large, elongate, with a long contractile 
neck, at the base of which is the mouth; numerous contractile vacuoles; 
nucleus often bead-like : 2 species ; in fresh and salt water. 

D. anaor (0. F. Miiller) (Fig. 83). Body striated; length up to 
1.5 mm.: among algae in fresh water. 



Fig. 83 — Dileptua anser 
(Conn). 
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Pamily 3. CHLAMYDODONTIDAE. 

Ovoid or kidney-shaped Infusoria with the mouth usually some dis- 
tance from anterior end; gullet specially modified to swallow food of 
large size : about 11 genera. 

1. Nassttla Ehrenberg. Body ovate or cylindrical; mouth between 
middle and anterior end; gullet armed with rods or with a membrane: 
8 species; in fresh and salt water. 

N. ornata Ehr. Body nearly circular, usually with brightly colored 
spots; gullet with rods; length 2 mm.: in fresh water. 

N. macrostoma Cohn (Fig. 84). Body nearly circular, with brightly 
colored spots; gullet with a membranous lining; length .05 mm.: 
marine; Woods Hole. 

2. Ohilodoh Ehrenberg. Body flattened, with convex dorsal side; 



Fig. 84 Fig. 85 Fig. 86 

Fig. 84— Vaisula macrostoma (Calkins). Fig. 85 — Chilodon cucullulu* (Calkins). 
Fig. 86 — Frontonia leuca* (Calkins). 

mouth at or in front of middle of body; gullet armed with rods: 
6 species; in fresh and salt water. 

0. cucullulus (0. F. Miiller) (Fig. 85). Length .1 mm. or less; 
body ovoid; forward end bent to the left: in fresh and salt water. 

Family 4. CHILIFERIDAE. 

Mouth never behind the middle and always open, with an undulating 
membrane on the edge of it or in the slightly developed gullet: 
9 genera. 

Key to the genera of Chiliferidae here described : 

Ox Long ventral furrow leading back from the mouth 1. Frontonia 

a, No such furrow. 

6* Caudal bristle present 3. Ubonema 

6, No bristle. 

©t Body oval, symmetrical 2. Colpidium 

c, Body rounded dorsally, straight ventrally 4. Colpoda 

1. Fsohtonia Ehrenberg. Body large, ellipsoid or elongate and 
contractile and colorless, or green or brown, with mouth near forward 
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end and an undulating membrane in the gullet: 3 species; in fresh 
and salt water. 

F. leucas Ehr. (Fig. 86). Body brown or black in color; length 
J3 mm. or more; a furrow extends back from the mouth: in fresh and 
salt water; Woods Hole. 

2. OoLPinnnc Stein. Body oval, the ventral side being incurved 
and the forward end smaller than the hinder; mouth central: 2 species; 
in fresh and salt water. 

0. colpoda (Ehrenberg) (Fig. 87). Length .045 mm. or more: in 
fresh and salt water; common in infusions; Woods Hole. 

3. U&onexa Dujardin. Body minute and oval, with a long bristle 
at the hinder end; mouth near middle surrounded by membranes: 6 
species; in fresh and salt water. 




Fig. 87 





Fig. 89 



Big. 87 — Colpidium oolpoda (Calkins). Fig. 88 — Uronema marinum (Calkins). 
Fig.r* ~ ' " -~ 



Fig. 88 

.._ m). Fig 
.89 — Volpoda oucullut (Conn). 

U. marinum Duj. (Fig. 88). Length .05 mm.: in fresh and salt 
water; in decaying vegetation; marine; Woods Hole. 

4. Oolpoda O. F. Miiller. Body laterally compressed, with rounded 
dorsal and straight ventral surface; mouth toward forward end, sur- 
rounded by long cilia: several species; in fresh water, especially in hay 
infusions. 

G. cncullus Mul. (Fig. 89). Body ellipsoidal; length .1 mm.: in 
fresh water; very common. 

Family 5. UBOCENTBIDAE. 

Body barrel-shaped; month near the middle; a broad girdle of 
longer cilia around the body: 1 genus. 

UaoosVTBinc Nitzsch. Characters as above : 1 species ; in fresh and 
salt water. 

U. turbo (0. F. Miiller) (Fig. 90). Length .06 mm.; swims with a 
whirling motion. 

Family 6. PABAMECIIDAE. 

Body elongate, with a long, deep, oral groove leading to the mouth 
which is in the middle or hinder part of the body : 1 genus ; common in 
infusions and decaying organic matter. 
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Pa&ameoitoc* O. F. Miiller. Slipper-animalcules. Characters as 
above; trichocysts distinct; two contractile vacuoles: 4 species; in fresh 
and salt water. 

P. anrelia Miil. (Fig. 91). Forward end rounded; hinder end bluntly 
pointed; length .15 mm.; 2 micronuclei : in fresh and salt water; common. 

P. caudatum Ehrenberg (Fig. 92). Like P. aurelia, but somewhat 
larger and more pointed behind and with 1 micronucleus : in fresh 
water; commoner than the preceding. 




Fig. 80 Fig. 91 Fig. 92 

Fig. 90 — Urocentrum turbo (Conn). Fig. 91 and Fig. 92 — Paramecium aurelia 
and P. caudatum in outline (George T. Hargltt). 

P. bursaria Ehr. Body wide, rounded, and obliquely truncate for- 
ward and pointed or rounded behind; usually bright green from the 
numerous green algae (zoochlorellae) in the ectosarc; length .12 mm.: 
in fresh water. 

Family 7. PLEUBONEMIDAE. 

Body oval or ellipsoidal, with a long, deep oral groove leading to 
the mouth in hinder part of body; along the edge of this groove is a 
large undulating membrane: 5 genera. 

Key to the genera of Pleuronetnidae here described : 

a\ No caudal bristle. 

b x Hinder end acute 1. Lembadioh 

ft, Hinder end rounded 2. Pleubonema 

a, Caudal bristle present 3. LembUs 

1. Lembadioh Perty. Body oval, rigid, posterior end acute: 1 
species. 

L. bullinum Perty (Fig. 93). Length .05 mm.: in fresh water. 

2. Plettbonexa Dujardin. Body rigid, oval, and flattened; oral 
groove takes in a large part of the ventral surface and with a high, undu- 
lating membrane ; cilia very long : 2 species ; in fresh and salt water. 

P. chrysalis (Ehrenberg) (Fig. 94). Moves by springs and by swim- 
ming; length .04 mm.: in fresh and salt water; in decaying vegetation. 

• See "Races of Paramecium," by H. 8. Jennings and G. T. Hargltt, Jour. Morpb., 
Vol. 21, p. 495, 1910. "Two Thousand Generations of Paramecium," by L U 
Woodruff, Arch. f. Prot. Vol. 21, p. 263, 1911. "Paramaecium aurelia and P. 
caudatum,'* by same, Jour. Morpb., Vol. 22, 1911. 
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3. Lsxbtts Cobn. Body elongate, with a long caudal bristle ; mouth 
in the middle with the oral groove leading to it from the forward end: 
in decaying plants; 3 species; marine. 






Fig. 93 



Fig. 94 



Fig. 95 



Fig. 93 — LembadUm buTHnvm (Coon). Fig. 94 — Pleuronema chrysalis (Calkins). 
Fig. 95 — Lembus infusionum (Calkins). 

L. infusionum Calkins (Fig. 95). Body lancet-shaped, with a taper- 
ing anterior extremity; a row of contractile vacuoles extends from the 
hinder end forward; length .07 mm.: Woods Hole. 

Family 8. OPALINIDAE. 

Mouth absent; body oval or elongate: 6 genera, parasitic in the 
Anura and in worms and mollusks. 

1. Opaxjha* Purkinje and Valentin. Elliptical Infusoria living 
parasitic in the rectum of frogs and toads; 13 species. 

O. ranarum Pur. and Val. (Fig. 96). Body flattened; 
many contractile vacuoles; length .6 mm.: in frogs and 
toads. 

2. Anoplophbta Stein. Body elongate: in the di- 
gestive tract of marine annelids and on the gills of 
crustaceans; occasionally free-swimming. 

A. branchiarum St. Length .1 mm.; body flask- opaiina 

shaped: Woods Hole; free-swimming. (Doflein). 

Order 2. HETEROTRICHIDA. 

Body with uniform ciliation and an adoral zone along the oral 

groove consisting of cilia fused together to form membranelles : 7 families. 

Key to the families of Heterotrichida here described: 

a* Body not in a cup. 
6, Body not with a crown of long cirri. 
c, Body not funnel or trumpet-shaped. 

dj Body elongated 1. Plaoiotomidae 

a\ Body usually oval with a triangular oral groove 2. Bubsariidae 

c. Body funnel or trumpet-shaped 3. Stentobidae 

6, Body with a crown of long cirri 4. Haltebiidae 

a, Body in a cup 5. Tintinnidae 

• See "OpaUna," by M. M. Metcalf, Arch. f. Prot., Vol. 13, p. 195, 1909. 
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Family 1. PLAGIOTOMIDAE. 

The oral groove extends from the forward end of the mouth, near 
the middle of the body; adoral zone along the left side of the groove; 
body elongate: 6 genera. 

Key to the genera of Plagiotomidae here described: 

Cj Oral groove spiral 1. Mbtofus 

a, Oral groove straight 

b t Forward end acute and turned to the left 2. Blephabisica 

6, Body straight and worm-like 3. Spibostomum 

1. Metopto Claparede and Lachmann. Body cylin- 
drical; oral groove extends spirally across the forward 
two-thirds of body; contractile vacuole at hinder end: 
2 species; in fresh and salt water. 

M. sigmoides (O. F. Miiller) (Fig. 97). 
Length .13 mm.; body very contractile: in 
fresh water. 

2. BLEPHAHiskA Perty. Forward end 
acute and turned to the left; hinder end 
rounded: several species; in fresh water. 

B. tmdulans Stein (Fig. 98). Length 
.37 mm. ; color red : in fresh water. 

3. Spzxostoxttk Ehrenberg. Body long, 
cylindrical, and worm-like, very contractile, with dis- 
tinct spiral striations; nucleus bead-like; oral groove in 

about first third of body; contractile 
vacuole at hinder end: 2 species; in fresh 
and salt water. 

8. teres Claparede and Lachmann 
(Fig. 99). Length .4 mm.; body tapers 
slightly at both ends; nucleus sometimes 
simple. 

8. ambiguum (Bory de Vincent). Body 
1 mm. long or more, and not tapering. 



Fig. 07 

Metopus 

tigmoides 

(Conn). 



Fig. 08 



BlepharUm* 
undulans 
(Conn). 



Fig. 90 

Bpirostomum 

ten* 

(Conn). 



Family 2. BUESAEIIDAE. 

Body usually oval and flattened, the oral groove being a triangular 
sunken area ending in the mouth; adoral zone on left edge of groove: 
5 genera. 

Key to the genera of Bursariidae here described : 

Ox Animals parasitic 2. Bala ntidium 

a, Animals not parasitic. 

&t Body very broad 1. Bubsabia 

6, Body cylindrical 3. Oondylostoma 
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1. Bttrsabia 0. F. Miiller. Body large, purse-shaped! obliquely 
truncate in front; nucleus long, ribbon-like: 1 species; in fresh water. 

B. truncatella Miil. (Fig. 100). Length 1 mm. 
and more: often between fallen leaves in the 
water. 

2. BALAHTlDnnc Stein. Body spindle-shaped, 
with the oral groove at the apex : 4 species, para- 
sitic in mammals, amphibians, and worms. 

B. coli St. (Fig. 101). Length 12 mm.: in 
the large intestine of the pig and man, causing 
diarrhoea. 

B. entozoon (Ehrenberg). Length .2 mm.: 
in the large intestine of frogs, toads, and 
salamanders. \ *~ w — 

3. Cohdylostoma Dujardin. Body rounded or cylindrical, tapering 
anteriorly with obliquely truncate forward end; nucleus bead-like: 2 
species, in fresh and salt water. 

0. patens (O. F. Miiller) (Fig. 102). Length .4 mm.; width J.0 
mm.: fresh and salt water. 




Fig. 100 

Buraaria truncatella 
(Conn). 






Fig. 101 



Fig. 102 



Fig. 103 



Fig. 101 — Balantidium coli (Dofleln). Fig. 102 — Condylostoma patent (Calkins). 
Fig. 103 — Stentor cwruleu* (Doflein). 

Family 3. STENTOBIDAE. 

Body the shape of an elongated funnel and very contractile, the 
small end of which can be attached; large end truncate, the adoral zone 
passing around the edge; nucleus usually beaded: 2 genera; in fresh 
water. 

8tshtor* Oken. Fixed or free-swimming; when swimming body 
is eontractecTand ovate: 8 species; in fresh water. 

8. ccernlens Ehrenberg (Fig. 103). Body blue; length .25 mm. 

• See "Selection of Food in Stentor cceruleus (Bhr.)," by A. A. Schaeffer, Jour. 
Exp. ZooL, Vol. 8, p. 830, 1010. 
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8. polymorphs (0. F. Muller). Body usually green from the pres- 
ence of algae (zoochlorellae) but sometimes colorless; length 1 mm.: 
sometimes very abundant on water plants. 

8. raseli Ehr. Body colorless; nucleus ribbon-shaped; often 
attached by a short case; length 1 mm. 

Family 4. HALTEBUDAE. 

Body spherical or ovoid, often with long bristles and a few cilia 
scattered over the body; animal moves by springing: 2 genera. 

1. Halte&xa Dujardin. Body small, spherical, 
with anterior adoral ciliated zone, and usually body 
bristles: 2 species; in fresh water. 

H. grandinella (O. F. Muller) (Fig. 104). 
Length .04 mm. 

2. Stbombiditoc Claparede and Lachmann. Like 
Halteria, but without the bristles: 6 species; in 
fresh and salt water. 

8. caudatum Fromentel. Caudal appendage present; length .035 
mm.: in fresh and salt water. 




Fig. 104— Halteria 
grandinella (Bronn). 



Family 5. TINTINNIDAE. 

Body attached by a stalk to a cup: 5 genera. 

1. Tivtihh0P8Z8 Stein. Animal in a chitinous 
cup on which are embedded sand granules; anterior 
end has two circles of cilia: numerous species; 
marine. 

T. beroidea St. (Fig. 105). Cup thimble-shaped; 
length .05 mm.: Woods Hole. 

T. davidoffi Daday. Cup elongate with a long 
spine; length 23 mm. 

2. TiNTimnxs Ehrenberg. Like Tintinnopsis 
except that no sand grains are imbedded in the cup : 
numerous species; in fresh and salt water. 

T. amphora Claparede and Lachmann. Length .1 mm.; cup elon- 
gate: marine; Cold Spring Harbor. 




PUf. 105 — Tintin- 
nopsis beroidea 
(Calkins). 



Order 3. HTPOTRIGH1DA. 

Body flattened and with cilia, spines, cirri, and membranelles 
confined to the ventral surface; dorsal surface may have bristles: 3 
families. 
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Key to the families of Hypotrichida here described: 

«i Body usually elongate and broad, with ventral cilia 1. Oxttrichidak 

a, Body more or less circular with very long bristles and cilia usually absent 

2. EUPLOTTDAE 

Family 1. OXYTBICHIDAE. 

Body somewhat elongate with arched dorsal and flat ventral side, 
the latter with cilia, bristles, etc.; month near the middle with an oral 
groove running backwards: 21 genera; in fresh and salt water. 

Key to the genera of Oxytrichidae here described: 

o, Several median longitudinal rows of continuous cilia. 
64 Five or more rows of cilia. 

Cj Mostly fresh-water animals 1. Ubostyla 

e, Marine animals 2. Epiclintes 

b s Less than 5 rows of cilia, 
c, Neither anterior nor anal bristles ; body acute anteriorly . . 3. Stichotricha 
c. Such bristles present ; body usually broad. 

d\ Animals mostly marine 4. Amphisia 

d\ Animals mostly in fresh water. 
€i Two median rows of cilia. 

U Three anterior and no anal bristles 5. Uboleptus 

U No anterior bristles ; anal bristles present 7. Holosticha 

e, Three or 4 rows, body broad and rectangular 6. Ontchodeomus 

o, No median rows of continuous cilia ; but marginal rows present 

d, No caudal bristles 8. Oxytbicha 

6, Three long caudal bristles 9. Stylonychia 

1. Urobttla Ehrenberg. Body flexible, elliptical, 
with longitudinal striations and rows of cilia; oral 
groove at forward end; 5 to 12 long anal bristles in 
an oblique row, and 3 or more anterior bristles: 6 
species; in fresh and salt water. 

U. trichota (Stokes) (Fig. 106). Length .3 mm.; 
5 anal and about 20 anterior bristles: in fresh water. 

2. Epiclintes Stein. Body flexible, elongate, the 
forward half being ovate, the hinder end slender and 
cylindrical; several longitudinal rows of cilia: 1 
species; marine. 

E. radiosa Quenner- 
stedt (Fig. 107). Length 
.045 mm.; 5 large bristles at 
forward end: Woods Hole. 
3. Stxohotbxoha Perty. Body cylindrical and very contractile, 
with acute forward end; oral groove extending back to middle of 
body; 2 or 3 rows of cilia; color often green: 4 species; in fresh and 
salt water. 

8. secunda Perty (Fig. 108) • Length 2 mm.; in fresh water. 




Uroityla trichota 
(Con 



Fig. 



107 — Epiclintes radiosa 
(Calkins). 
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4. Amphibia Sterki. Body elongate and cylindrical and contractile, 
with rounded ends and often tinged red or yellow; several anterior 
bristles and 5 to 10 anal bristles; oral groove extends back to middle 
of body: 7 species; in fresh and salt water. 



108 




109 



Fig. no 



Fig. 108— Btichotricha secunda (Conn). Fig. 109 — Amphisia kessleri (Calkins). 
Fig. 110 — Uroleptus longicaudatu* (Conn). 

A. kessleri (Wrzesniowski) (Fig. 109). Body wider anteriorly; 
length .13 mm.: marine; Woods Hole. 

5. Urolepttjb Ehrenberg. Body cylindrical or flattened and slen- 
der with rounded anterior and acute posterior ends; 3 anterior and 
no anal bristles; oral groove short; 2 continuous rows of median cilia: 
5 species; in fresh and salt water. 

U. longicaudatus Stokes (Fig. 110). Length .2 
mm.: in fresh water. 

6. Onyohodroxto Stein. Body broad, somewhat 
rectangular; 3 or 4 rows of ventral cilia; one row of 
large cilia along the oral groove: 1 species. 

O. grandis St. (Fig. 111). Length .35 mm.; width 
.12 mm.: in fresh water; slow of movement. 

7. HOLOSTIOHA Wrzesniowski. Like Oxytricha 
except that there are 2 rows of median cilia and no 
anterior bristles. 

H. vernalis Stokes. Body elliptical, rounded at 
both ends; length .07 mm.: in fresh water. 

8. Oxytricha Ehrenberg. Body elliptical, with a 
row of cilia along each lateral margin and a mid- 
ventral group of bristles, consisting of about 8 bristles along the oral 
groove, about 5 in middle of the body, and about 5 anal bristles : several 
species; in fresh and salt water. 

O. pellionella (O. F. Miiller). Body elongate; length .09 mm.: in 
fresh water. 




Fig. ill 

Onychodromus 

grandis 
(from Bronn). 
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0. bifaria Stokes (Fig. 112). Body broad; length .2 mm; bristles 
in a single line: in fresh water. 

9. Stylohyohia Ehrenberg. Body elliptical, 
rigid; oral groove triangular or semicircular, reach- 
ing middle of body ; cilia and bristles as in Oxytricha; 
usually 3 long caudal bristles present: 
6 species; in fresh and salt water; very 
common, the animals often moving by 
^fti'^t P^ck jerks. 

S. pnstulata Ehr. Body broad; 
length .25 mm.; width .1 mm.: in %h f 

infusions. %|Lv 4 

8. mytilus (O. F. Miiller) (Fig. 
p. 112 113). Body broadest in front of 
OwyiHeha middle; length 3 mm.: in fresh Big. lis 

(Conn). water. mytHus (Dofleln). 

Family 2. EUPLOTIDAE. 

Cilia very little developed or absent; large bristles and spines char- 
acterize the ventral surface; nucleus ribbon-shaped; body round or oval: 
5 genera; mostly marine. 

Key to the genera of Euplotidae here described : 

fit No posterior hook-like projection at side of body. 
bx Anterior bristles present 

6* About 9 anterior bristles 1. Buplotes 

c, About 6 anterior bristles 2. Diophbts 

6, No anterior bristles 3. Ubontchia 

<b» Posterior hook-like projection at side of body 4. Aspidisca 

1. Euplotes Ehrenberg. Body oval 
or round, either green or colorless; mouth 
in the hinder half of body, a long arched 
oral groove joining it with the front end 
of the body ; about 9 large bristles oppo- 
site the groove and a similar number of 
anal bristles: 5 species; in fresh and salt 

water - Big. 114 Fig. 115 

B. charon (0. F. Miiller) (Fig. 114). PIg . u ^B Up i ote8 oharon 

Length .045 mm.: in fresh and salt JS^^tJ^cJ^^ 1 ^ 
water. 

2. Diophbts Dujardin. Like Euplotes except that about 6 anterior 
and 8 anal bristles, all very long and thick, are present; movement rapid 
and continuous, not by jumps: 2 species; marine. 

P. appendicnlatna Stein (Fig. 115). Length ,05 mm.: Woods Hole. 





Digitized by 



Google 



64 



PROTOZOA 



3. Uronyohxa Stein. Like Euplotes except that no anterior and 
about 10 great anal bristles are present; movement rapid, with frequent 
jumps: 2 species; marine. 

U. setigera Calkins (Fig. 116). Length .04 mm: 
common at Woods Hole. 

4. Aspidisca Ehrenberg. 
Body oval with a short oral 
groove in the middle of the 
body and a short posterior 
projection at the side of 
body; about 8 thick, anterior, 
and 6, or more, anal bristles: 
in fresh and salt water. 

A. hexaris Quennerstedt 
(Fig. 117). Length .07 mm.; 
6 anal bristles: Woods Hole. 





Fig. 116 



Fig. 117 



Fig. 116 — Uronychia setigera (Calkins). 
Fig. 117 — Aspidisca hexaris (Calkins). 



Order 4. PERITRICHIDA. 

Cylindrical or cup-shaped infusorians in which the body is without 
cilia except those forming the adoral zone at the oral groove, and in 
a few cases a zone at the hinder end ; most of them are sessile : 3 families. 

Key to the families of Peritrichida here described: 

a, Body attached by a broad sucking disc 1. Lichnophoridae 

a a Body usually attached by a slender stalk 2. Vobticellidae 

Family 1. LICHNOPHORIDAE. 

Forward part of the body with an oval oral groove; the hinder 
part stalk-like and broadened at the end to form a sucking disc 
provided with a ring of cilia, by 
which the animal fixes itself: 1 
genus; marine; usually parasitic 
on mollusks. 

LiOHNOPHOBA Claparede. 
Characters given above. 

L. macfarlandi Stevens (Fig. 
118). Length .08 mm.; the animal 
moves about on its pedal disc: Woods Hole, on the egg capsules of 
Crepidula and on annelids. 

Family 2. VORTICELLIDAE. 

Body cup-shaped and cylindrical and, with one or two exceptions, 
attached by a stalk at the hinder end; oral groove circular, around the. 




Fig. 118 — Lichnophora macfarlandi 
(Calkins). 
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edge of the cup; body very contractile; animals frequently colonial: 

16 genera. 

Key to the genera of VorticelUdae here described : 

Oj Animals not sessile and without a stalk ; parasites or commensals on Hydra 

and other animals 1. Trichodina 

a, Animals sessile and stalked and not parasitic, although often attached to other 
animals. 
fr t Body not enclosed in a cup. 
c x Stalk long or short and not branched ; animals solitary. 

d\ Stalk long and contractile 2. Vqbticella 

d\ Stalk short and not contractile, 
e, Oral disc acts like a cover (operculum) which may close the opening of 

the cup 3. Ptxidium 

e t No such cover 4. Rhabdostyla 

c, Stalk branched ; animals colonial. 
d\ Stalk contractile. 
e x Each individual of the colony can contract independently. 

5. Carchesium 

e. The colony contracts as a whole 6. Zoothamnium 

a\ Stalk not retractile, but rigid. 

c, No operculum 7. Episttlis 

e, Operculum present 8. Ofebculabia 

6, Body enclosed in a transparent cup 9. Cothubnia 

1. Tbioeoddta Ehrenberg. Body short, cylindrical or disc-shaped 
with a ring of cilia around the circular flat base; oral end also flat: 
parasites or commensals on Hydra, planarians, and other small animals, 
also on the gills of fishes, attaching itself by the sucker-like base or moving 
over the surface of the body; sometimes entopara- 
sitic in the urinary bladder or intestine of fish or 
amphibians; several species. 

T. pediculus Ehr. (Fig. 119). Length .08 
mm. : often common on Hydra. 

2. Vobtxoella L. Body more or less bell- WB^fljflfp W 
shaped with the oral groove extending inwards Fig. 110— Trichodina 
from the rim and with a long stalk ; nucleus horse- 
shoe-shaped; colorless or green or blue: many species; in salt and fresh 
water, on plants and animals. 

V. nebulifera Ehrenberg (Fig. 120). Body campanulate, some- 
times green in color, .07 mm. long with a stalk 4 times as long: in clear 
water. 

V. campanula Ehr. The largest Vorticella, with a body .2 mm. 
long or less, bluish in color, and a stalk several times as long, not 
annulated: in fresh water, often in clumps on water plants. 

V. convallaria L. Body annulated, .1 mm. long, with a long stalk: 
in infusions. This animal is interesting because it was the first micro- 
scopic animal discovered by Leeuwenhoek, who first saw it in April, 1675. 
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V. patellina O. F. Miiller (Fig. 121). Body not annulated, with a 
very wide oral end; length .05 mm. : in fresh and salt water; Woods Hole. 

V. marina Greef. 
Body annulated, .035 
mm. long: marine; 
Woods Hole. 

3. Pyxiditoc Kent. 
Stalk short and not 
contractile; body elon- 
gate and elliptical, with 
a small oral end; oral 
cilia on a disc called 
the operculum which can 
close down like a lid. 

P. ramosa Stokes. 
Length .15 mm.: in 
fresh water. 
Like Vorticella but with a short and non- 




Fig. 120 



Fig. 121 



Fig. 120 — Vorticella nebuUfera (from Bronn) 
Fig. 121— Vorticella patellina (Calkins). 



4. Rhabdostyla Kent, 
contractile stalk; body bell-shaped or elongate, 
with small oral end. 

R. brevipes (Claparede and Lachmann). 
Length .1 mm.: in fresh water. 

5. Oabchebiuk Ehrenberg. Richly branched 
colonies which form visible grayish masses on 
water plants and often animals; each individual 
can contract independently: several species; in 
fresh water. 

0. polypinum (L.) (Fig. 122). Body broad 
and funnel-shaped and about .1 mm. long: com- 
mon in fresh and salt water. 

6. Zoothakhxttm Ehrenberg. Like Carche- 
sium, except that the colony contracts as a whole: 
several species, in fresh and salt water. 

Z. arbnscnla Ehr. Body more or less cyl- 
indrical; length .05 mm.: on water plants in 
fresh water. 

7. Epistylis Ehrenberg. Like Rhabdostyla, 
but colonial; whole colony rigid: numerous spe- 
cies; in fresh and salt water, often on small 
animals. 

E. flavicans Ehr. (Fig. 123). Body bell-shaped, .1 mm. long: in 
fresh water. 




Fig. 122 

i poly 
(Doflein). 
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8. Ofebottlaria Ehrenberg. Like Pyxidium, but colonial; whole 
colony rigid: 8 species; in fresh water. 

0. articulate Ehr. Body spindle- 
shaped, truncate at lower end, and .05 mm. 
long: on water beetles. 

9. Cothtonia Ehren- 
berg. Body elongate and 
enclosed in a colorless or 
brownish cup, at the bot- 
tom of which it is at- 
tached and into which it 
ean retract; cup also at- 
tached either directly or 
by a short stalk: numer- 
ous species; in fresh and 
salt water. 
0. crystallina Ehr. (Fig. 124). Length of cup .07 to .2 mm. 
fresh and salt water; Woods Hole. 





Fig. 123— BpistyH* flavioan* 
(Conn). 



Fig. 124 

Cothurnia crys- 
tallina 
(Calkins). 



Subclass 2. SUCTORIA. 

Usually sessile Infusoria which have no cilia as adults but are pro- 
vided with long hollow tentacles adapted for sucking or piercing; they 
attach the tentacles to other Infusoria and suck them out; some are 
entoparasites in Infusoria: 8 families with about 200 species. 

Key to the families of Suctoria here described: 

o, Body globular, without a cup 1. Podophbyidae 

a, Body not globular. 

&! Body usually in a cup at end of a slender stalk 2. Acinetidae 

6, Body without cup or stalk ; tentacles knobbed 3. Denobosomidae 

Family 1. PODOPHBYIDAE. 

Body globular and not in a cup; stalked or 
not, and with tentacles of different kinds, some 
knobbed and some acute: 5 genera. «* 

1. Sphjeeophkya Claparede and Lachmann. 
Body spherical or ovoid and without stalk, with 
knobbed tentacles radiating from all sides: free- 
living in swamps and infusions or entoparasites Fig. 125 — Bphawo- 

...... phrya magna 

in Stent or, Paramecium, and other cuiates; 4 (Conn). 

species. 

8. magna Maupas (Fig. 125). Diameter .06 mm.: among water 
plants. 
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2. Podophkya Ehrenberg. Body spherical or ovoid and attached 
by a stalk; tentacles knobbed and radiating in all directions, either in 
groups or not : several species ; in fresh and salt water. 

P. gracilis Calkins (Fig. 126). Diameter of body 
.008 mm.; stalk very long, measuring .04 mm.: in salt 
water; Woods Hole. 

3. Efhelota Wright. Body more or less spherical, 
with a stalk; tentacles of two kinds, being either 
pointed and used for piercing, or short and cylindrical 
and used for sucking: 8 species; marine. 

B. coronate Wr. (Pig. 127). Diameter of body 
.09 to 2 mm.; stalk three times as long, and thickest 
at the body: common at Woods Hole on campanula- 
rians, hydroids, etc. 

Family 2. ACINETIDAE. 

Body usually in a cup and usually stalked; ten- 
tacles knobbed; reproduction by endogenous budding, 
the spores being ciliated: 4 genera. 
H*. 126 1, Aoivsta Ehrenberg. Body in a cup with a 

^odopjg^a ot- stalk: several species; in fresh and salt water. 

A. divisa Fraipont (Fig. 128). Body .027 mm. 
long and does not fill the cup; tentacles long; length of stalk .1 mm.: 
common on Bryozoa at Woods Hole. 







Fig. 127 Pig. 128 Fig. 129 

Fig. 127— Ephelota eoronata (Calkins). Fig. 128— 4oi»*ta divisa (Calkins). 
Fig. 129— A&neta tuberota (Calkins). 

A. tuberosa Ehr. (Fig. 129). Cup very delicate and often difficult 
to see ; tentacles in usually two groups ; color yellow ; length of body .33 
mm.: at Woods Hole, in salt water. 
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2. Tokophbya Biitschli. Body not in a cap but at the end of a 
stalk: several species; in fresh and salt water. 

T. Quadripartite (Clapardde and Lachmann). Body .1 mm. long: in 
fresh water. 

Family 3. DENDROSOMIDAE. 

Body without cup or stalk; tentacles 
knobbed and arranged in groups; reproduction 
as in Acineta: 3 genera. 

1. Tkichophkta Claparede and Lachmann. 
Body irregular in shape and spread out; fre- 
quently parasitic: in fresh and salt water. 

T. salparnm Entz. On the branchial bars 
of Molgula: at Woods Hole; often common. 

2. Devdroboka Ehrenberg. Colonial ani- 
mals on long and branching stalks which spring 
from a creeping base: 1 species. 

D. radians Ehr. (Fig. 130). Colony up to 
water. 




Fig, 130 — Dendrosoma 
radians (Doflein). 



2 mm. high: in fresh 
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OCELENTERATA. 

The ccelenterates are radially symmetrical animals which possess 
but a single internal cavity and no ccelom (Fig. 131). This cavity is a 
simple space in a more or less cylindrical body in the lowest ccelenter- 
ates, but in the larger ones it is often extensively branched. The body 
wall is composed of three layers, (1) an outer cellular layer, the ectoderm 
(Fig. 131), (2) an inner cellular layer, the entoderm, and (3) a tissue 
between them called the middle or supporting layer which is skeletal in 
function. 

This middle tissue in all coelenterates but the Ctenophora is pri- 
marily non-cellular, being a secretion of the cellular layers, and is called 

the mesoglea; in the simplest 
cases (Hydrozoa) (Fig. 131, A) 
it remains non-cellular, but in the 
larger and more complex forms 
(Fig. 131, B) it becomes cellular 
through the migration of cells 
into it from the ectoderm or 
entoderm. In the Ctenophora the 

Pig. 131 — Diagram of a ccelenterate, m iH«ilA lavor in nrimnrilv npllnlur 
with (A) a non-cellular and (B) a cellular ™™«« layer is primarily cenuiar, 

JSSJgSg &ye € ? t0derm: 2f entoderm; 3 » being a development of the em- 
bryonic mesenchyme. 

The coolenterates are the lowest many-celled animals and are with- 
out most of the organs and tissues which characterize the highest ani- 
mals. Sexuality is, however, fully developed in all of them, some being 
hermaphroditic, but the majority being unisexual. Asexual reproduction 
by fission or budding is also very general and leads to the formation of 
extensive colonies. Very many exhibit the phenomenon of alternation 
of generation, in which a sexual, often free-swimming generation alter- 
nates with a sessile, usually colonial and asexual generation. 

History,— This phylum was constituted in 1847 by R. Leuckart, 
who separated the polyps, medusae and Ctenophora (Eschscholtz) from 
the Zoophyta-Radiata of Cuvier and his contemporaries and called them 
the Ccelenterata. He showed that these animals should be included in 

70 
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one and the same phylum inasmuch as they are without a ccelom and the 
hydroid and medusa are usually but stages in the same life history, facts 
the importance of which had only very recently begun to be understood. 
Trembley (1744) introduced the term "polypus" because of the fancied 
resemblance of Hydra to the octopus, the polyp of the ancients. The 
term "medusa" was employed by Ldnnieus and the older writers because 
of the resemblance of the tentacles of many jellyfish to the snake-like 
curls of Medusa. 

The phylum is composed of 3 subphyla. 

Key to these subphyla : 

a t Sponges ; animals sessile, without tentacles 1. Sfongiabia 

a, Hydroids, jellyfish, corals, etc; no cilia or outer surface; tentacles usually 

present 2. Cnidabia 

o, Ctenophores ; outer surface with 8 ciliated bands ; 2 tentacles or none. 

3. Ctknophora 

Subphylum 1. SPONGIAEIA.* (Pobifeba.) 

Sessile, aquatic ani- 
mals, with but few spe- 
cialized organs and tis- 
sues, in which skeletal 
fibres or spicules usually 
form an important part 
of the body. The animals 
often live in colonies of 
irregular form in which 
the various individuals 
are indistinguishably fused 
with one another. Numer- 
ous pores in the body wall 
admit water into an in- 
terior chamber called the 
cloacal cavity, of which a 
large opening called the 
osculum furnishes an outlet. Sponges are without tentacles and motile 
appendages of any sort and the adult forms have no locomotory 
powers. 

• 8ee "Rep. of Invertebrate Animals of Vineyard Sound and Adjacent Waters," by 
A. EL Verrtll, Rep. of U. S. Fish. Com., 1871. "Porlferata," by A. Hyatt, Stand. 
Nat. Hist., Vol. 1, 1888. "Spongiaires," by Delage et Herouard, Trait* de Zool. 
concrete, 1899. "Sponges," by B. A. Minchen, A Treatise on Zoology, 1900. "Sponges 
Collected in Porto Rico," by H. V. Wilson, Bull. Fish. Com., Vol. 20, Pt. 2, p. 375, 
1900. "Catalogue of Recent Marine Sponges of Canada and Alaska," by W. Lam be. 
Ottawa Naturalist, Vol. 14, 1900. "Biological Survey of Woods Hole and Vicinity," by 
F. B. Sumner and others. Bull. Bur. Fish., VoL 31, 1913. 




. 132 — Diagrams of the 3 types of sponges 
(Boas). A, ascon type; B, sycon type; C, leucon 
type. 1, osculum ; 2. cloaca ; 3, pore canals ; 4 
radial canal ; 5, flagellate chambers. 
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The simplest sponges (Fig. 132, A) are usually cylindrical struc- 
tures, either colonial or not, in the walls of which are numerous pores 
through which water streams into the cloaca! cavity; the osculum is at 
the free end of the body. The body wall is composed of three layers, 
the outer ectoderm or dermal epithelium (Fig. 133,1), the middle skeletog- 
enous layer or mesoglea containing the skeletal elements (2), and the 
entoderm (3) consisting of peculiar cells called collar cells or choano- 
cytes which line the interior cavity. Each collar cell is provided with a 
single flagellum, the base of which is surrounded by a high ridge or 
collar. 

This simple structure is called the ascon type of sponge. Other 

sponges have what is called the sycon type of structure (Fig. 132, B). 

In this the middle layer is much thicker than in the ascon type and from 

the central cavity numerous cylindrical diverticula called the radial 

canals (Fig. 132, B, 4) extend into the walls, and communicate also with the 

outside through pore canals (3). In these sponges the 

collar cells are confined to the radial canals, the central 

cavity being lined with a flattened epithelium. Still an- 

• >^fc^ -pt other type of sponge (Fig. 132, C) is called the leu con 

^^ •— * or rhagon type, in which the skeletogenous layer is still 

Fig. 133 thicker than in the sycon type and the collar cells are 

■ponge (Lenden- confined to widened portions of the radial canals called 

deVm (raSar* the fla £ ellate chambers (5). 

porting Slyert "^ e g rea * majority of sponges belong to the leucon 

3, entoderm. type; in these the middle layer constitutes by far the 
greater part of the body of the animals. 
The ectoderm forming the dermal epithelium in all sponges is a 
single layer of flattened cells which in a few cases (Oscarella) is ciliated. 
In many sponges the ectoderm is more or less glandular and in all it is 
contractile, the contractile elements in it being elongated cells called 
myocytes which form sphincters around the pores and oscula and often 
also surround the cloacal and other cavities; the ectoderm is also some- 
times sensitive. 

The mesoglea varies much in thickness in different sponges, being 
generally thin in the smaller and more primitive sponges and thick in 
the higher and larger ones. It arises as a secretion of the ectoderm 
and contains various cellular elements, and usually also calcareous 
or silicious spicules, or horn-like fibres composed of a substance called 
spongin. 

The spicules are of a great variety of forms and fall into two gen- 
eral groups which are called megascleres and microscleres (Fig. 134). 
The former are usually elongate or radiate in form and are often bound 
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together by spongin or connective tissue fibres or articulate together to 
form a network, and constitute the supporting framework of the body. 
The latter are minute flesh spicules of a variety of forms which are scat- 
tered throughout the tissues. 

The cellular elements of the mesoglea fall into two distinct groups: 
(1) those which are derived from the ectoderm, and (2) the archeocytes. 
The former migrate into it and are either scleroblasts which secrete the 
spicules, the spongioblasts which secrete the spongin fibres, or the col- 
lencytes or connective-tissue cells which are distinguished by their stel- 
late form and thread-like pseudopodial processes. The archeocytes are 
primitive cells derived from the blastomeres during development, which 
perform a variety of important functions. They are amoeboid cells 
which are nutritive in function, ingesting and digesting food, and also 
supply a circulatory element in that they aid in distributing nutriment. 
They also give rise to the reproductive elements — the spermatozoa, the 
ova, and the gemmules. 

The entoderm con- 
sists uniformly of col- 
lar cells in all sponges. 
The flagella of these 
cells do not act in 
unison, but each for 
itself, and have for 
their main function the 
creation of currents in 
the water which bring 
the animal food and 
oxygen and carry away the wastes. The current thus produced enters 
the pores, traverses the radial canals and flagellate chambers into 
the cloaca! cavity and passes out again through the osculum. The 
food consists of organic particles and minute animals and plants; 
these are ingested and digested by the collar cells in the lower, 
calcareous sponges, but in the greater majority of them principally by 
the amceboid archeocytes. No special excretory or respiratory organs 
and no muscles, nerves or sense organs are present in sponges, although, 
as we have seen, contractility is present in the ectodermal cells, and sen- 
sitiveness to external stimuli is often noticeable. 

Sponges have three methods of reproduction: (1) by budding, (2) by 
the formation of gemmules, and (3) by sexual methods. Budding is 
simply growth which results in the formation of new oscula, each oscu- 
lum representing a new individual; it is of very general occurrence. In 
a few sponges the bud becomes separated from the parent sooner or 





Fig. 



134— -(Spicules of sponges (Minchin). 
scleres; B, microacleres. 



A, mega- 
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later and leads an independent life, but in most of them the buds are 
indistinguishably joined together so that a colony results, the members 
of which form a compact whole. 

Gemmule formation occurs in all fresh-water and some marine 
sponges and is a provision against cold weather in temperate regions 
and in the tropics against desiccation. With the approach of the unfa- 
vorable season, archeocytes migrate to one spot in the middle layer, the 
cells of which secrete a capsule around them. When the sponge dies 
the gemmule falls to the bottom and remains, in the case of the fresh- 
water sponge, until the following spring, when the capsule bursts and 
the archeocytes within move out and develop into a sponge. Many 
fresh-water sponges live through the winter, however, notwithstanding 
the formation of gemmules. 

Some sponges are hermaphroditic, others are unisexual. No special- 
ized sexual organs are present, the ova and spermatozoa developing from 
the archeocytes. The ciliated larva swims actively about in the water, 
but finally attaches itself and after a metamorphosis develops into the 
adult animal. 

Sponges are world-wide in their distribution and, with the exception 
of the Spongillidae, are all found in the sea, where they range from 
tide lines to very great depths. The fresh-water sponges occur in lakes 
and streams in all countries. 

History.— Aristotle was acquainted with sponges and knew that 
they were animals, although he notes their likeness to plants. Through 
the ages following his times, opinions differed concerning them, some 
people believing them to be plants, others animals, while many ascribed 
both an animal and a plant nature to them. Ellis (1765) first described 
the currents of water which stream into and out of sponges. Lamarck 
classified them with polyps. Robert Grant (1825) definitely proved 
their animal nature, showing that water flowed into the sponge through 
numerous minute pores and out through the oscula, and he correctly 
inferred that ciliary action caused the flow. Many competent natural- 
ists, however, still believed them to be plants, and the question was not 
finally settled until about 1870 or later. H. J. Clark (1866) first demon- 
strated the collar cells and laid the foundation for the belief which pre- 
vailed for some time that sponges are colonial flagellate Protozoa. The 
embryologies! investigations of F. E. Schulze and others, however, have 
tended to overthrow this belief, and sponges are at present usually 
classified under the Metazoa either as a separate phylum or under the 
Coslenterata. 

The Spongiaria include about 2,500 living and a large number of 
fossil species, and are grouped in 3 classes. 
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Key to the classes of Spongiaria: 

Ot Small marine sponges with calcareous spicules and large collar cells and 

mostly under 2 cm. in length 1. Caloabsa 

a* Usually larger sponges with silicious spicules or spongin fibres, or both, or 
without either. 

6, Glass sponges ; spicules usually six-rayed 2. Hexactixellida 

6, Massive sponges without six-rayed spicules; skeleton of silicious spicules, 
spongin or both, or wanting 3. Demospongiax 

Class 1. OALOABEA.* "" 

Marine sponges of small size with 1-rayed, 3-rayed or 4-rayed cal- 
careous spicules; most of them are cylindrical in shape, colorless, either 
solitary or colonial, and live in shallow water: 2 orders with about 150 
species. 

Key to the orders of Calcarea: 

Ox Body wall thin and porous ; central cavity lined with collar cells. 

1. Homoccela ' 
a, Body wall not thin ; central cavity without collar cells 2. Heteboccela 

Order 1. HOMOCCELA. 

Very simple, thin-walled sponges in which the central cavity con- 
tains the collar cells; each pore in the body wall is a perforation of a 
single thickened dermal cell leading into the cavity : 2 families and over 
50 species. 

Family LEUCOSOLENIIDAE. 

With the characters given above; no radial canals or flagellate 
chambers; with straight, triradiate, or quadriradiate spicules: 4 genera. 

1. Lxuoosoleyxa Bowerbank. Usually 
colonial, although sometimes simple 
sponges, consisting of a mass of narrow 
anastomosing tubes: numerous species. 

L. botryoides Bow. (Fig. 135). Sponge 
np to 35 mm. long, ivory white in color, and 
consisting of a mass of slender tubes; 
spicules 1 and 3-rayed and faint yellow in 
color: in shallow water; Martha's Vine- 
yard to Gulf of St. Lawrence; Europe. Fl «- 1 %£ 6 $2g££ J)0irv ' 

L. cancellata Verrill. Sponge massive, 
consisting of small anastomosing tubes, up to 3 cm. in length and yel- 
lowish in color: walls thin, with triradiate and quadriradiate spicules: 
Casco Bay to Arctic Ocean. 

• See "Die Kalkicbwftmme," by B. Haeckel, 1872. 
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L. fragilifl* Haeckel (Ascortis fragilis Haeck.). Color white or yel- 
lowish; spicules both straight or somewhat arched and triradiate; sep- 
arate individuals 1 to 1.5 mm. long; colony 5 to 10 mm. in diameter: in 
shallow water from Long Island Sound to Gulf of St. Lawrence; 
common; Europe. 

Order 2. HETEROGCELA. 

Small sponges usually more or less cylindrical in form with thick 
walls and a cloacal cavity lined with a flat epithelium and not with col- 
lar cells, the latter being confined to more or less well-defined chambers 
or in radial tubes which are joined by means of small inhalent dermal 
canals with the outside ; either solitary or colonial : 6 families and about 
90 species. 

Family 1. GRANTIIDAE. 

Radial tubes extending outwards from the cloacal chamber; distinct 
and continuous layer (dermal cortex) peripheral to the radial canals; no 

conspicuous quadriradial spicules lin- 
ing cloacal cavity : about 13 genera and 
40 species. 

1. Gbavtia Fleming. Triradial 
spicules filling mesoglea and projecting 
into cloacal cavity; cortex thin: 20 
species. 

G. ciliaU (Fabricius) (Fig. 136). 
Solitary sponges, 12 mm. high and 3 
mm. thick; 2 kinds of monaxial spic- 
ules, a longer kind protecting the 
osculum and a shorter in the cortex 
protecting the inhalent canals: Rhode 
Island to Greenland, from low water line to 60 fathoms; Europe; often 
common. 

G. canadensis Lambe. Body 3 mm. high and 1 mm. thick: Gulf of 
St. Lawrence and northerly. 




Fig. 136— Grantia ciliata (Kellogg) 

A, group of 3 Individuals ; B, 

longitudinal section. 



Family 2. LEUCONIDAE. 

Collar cells in spherical flagellate chambers from which branched, 
exhalent canals extend to the cloacal cavity : 5 genera. 

Leuoahdra Haeckel. Spicules without regular arrangement: many 
species. 

• Bee "On the Spongiae Clllatae," etc., by H. J. Clark, Mem. Boat Soc. Nat. Hiat., 
Vol. 1, p. 80S, I860. 
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L. taylori Lambe. Sponge small, solitary, globose, 6 mm. high and 
4*> mm. thick, with thick walls and a narrow cloacal cavity; spicules 
triradiate, with long monaxials protecting the osculum: Vancouver 
Island. 

Family 3. AMPHOBISCIDAK 

Conspicuous subdermal quadriradiate spicules with elongated in- 
wardly directed rays: 5 genera. 

Akfho&isotjs Haeckel. Cortex thin; spicules triradial and quadri- 
radial: several species. 

A. thompsoni Lambe. Gulf of St. Lawrence. 



Class 2. HEXAOTINELLIDA. # (Tmaxonia.) t^ 

Qlass sponges. Sponges with usually rather thin walls and a large 
cloacal cavity giving them a more or less tubular or basket-like shape; 
spicules silicious, consisting of 3 crossed axes making them either 6-rayed 
or belonging to the 6-rayed type, and either soli- 
tary or joined to form a continuous skeleton 
which often has the appearance of spun glass; 
cloacal cavity large and unusually more or less 
cylindrical, usually with simple radial flagellate 
chambers opening out from it, the wall of the 
cloacal cavity, however, often folded and the 
chambers branched: about 12 families. 

Family 1. EUPLECTELLIDAE. 

Body elongate, usually curved or twisted; 
spicules joined together forming a network; 
upper end the larger with a terminal sieve-like 
plate; lower end with usually a mass of long 
silicious threads which fastens the animals in 
the mud: several genera. 

Etoleotxlla Owen (Fig. 137). With the characters of the family: 
several species. 

E. suberea Wyville Thomson. Body a straight, cylindrical, slightly 
swollen tube, 25 cm. long and 5 cm. in diameter: West Indies, in deep 
water. 

Family 2. HYALONEMATEDAE. 

Body globose, elongate or cup-shaped with a long stalk composed of 
long twisted silicious strands; several genera. 

Hyalovxxa Gray. Body funnel or cup-shaped: several species. 

• 8«e "Report on the HexacttneUida," by F. B. Scbnlse, Cball. Rep., Vol. 21, 1887. 




Fig. 137— Euplectella 
(from Weyue). 
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H. longuBinram Verrill. Length 40 cm. : in 60 to 95 fathoms off the 
New England coast. 

Class 3. DEMOSPONGIAE. ^ 

Usually massive and often brightly colored sponges with thick walls 
and small round flagellate chambers connected by branched exhalent 
canals with the cloacal cavity; spicules very varied in form, being often 
monaxonic and straight and needle-like, or tetraxonic with 4 crossed axes, 
giving them 8 rays; spongin either present with the spicules or not, or 
the fibres alone may be present or both be wanting : 4 orders. 

Key to the orders of Demospongiae : 

Ox Skeleton formed of tetraxonic silicious spicules of a variety of forms without 
needle-like spicules and without spongin ; in rare cases no skeleton. 

1. Tetbactinellida * 

a, Skeleton of needle-like spicules with often others and with or without spongin 
fibres 2. Monactinellida * 

a, Skeleton of spongin fibres alone 3. Ceraosponoiae < 

a« Skeleton entirely wanting 4. Myxospongiae 

Order 1. TETRACTINEIiLlDA.* 

Spongos with usually a bard outside crust or cortex containing 
megascleres which form the principal framework of the body, micro- 
scleres occurring throughout the mesoglea and being of a variety of 
forms, but usually reducible to the tetraxonic type: 8 families and over 
325 species. 

Family 1. THENEIDAE. 

Body usually more or less mushroom-shaped with the osculum in the 
center: 1 genus. 

Tkehsa Gray. With the characters of the family: several species. 

T. echinata Verrill. Body 5 to 10 cm. broad and not quite so high, 
with a short, thick stalk; upper portion with radiating bundles of spicules 
which project beyond the surface : New England coast north of Cape Cod. 

Family 2. GEODIIDAK 

Body globose with a thick crust, provided with masses of spherical 
spicules: about 8 genera and 180 species. 

Geodia Lamarck. Tetraxonic needles radially arranged and con- 
fined to the periphery; oscula sieve-like, in groups; incurrent openings 
also sieve-like and scattered : 70 species. 

G. mulleri (Fleming). Spherical or flattened in youth, later irregu- 
larly lobed; diameter and thickness sometimes 30 cm.: cosmopolitan; 
Jamaica; West Indies. 

• See "Tetr&xonia," by R. von Lendenfeld, Das Tierrelch, 1903. 
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Order 2. MONAGTHTELLIDA. 

Sponges in which the skeleton consists of needle-like (monaxonic) 
spicules and sometimes other kinds, with or without spongin fibres: 20 
families, grouped in 2 suborders, and numerous species, constituting the 
majority of all sponges; mostly in shallow water; 1 family in fresh 
water. 

Key to the suborders of Monactinellida: 

o, Sponge compact, usually massive 1. Hadeomerina 

a, Sponge not compact, usually with spongin 2. Halichoxdrina 

Suborder 1. HADROMERINA. 

Body compact, having a hard outside crust or cortex, and usually 
massive but sometimes cup-shaped or stalked; spongin absent or very 
poorly developed: 8 families. 

Family 1. TETHYIDAE. 

Body spherical, with slight projections on the surface caused by the 
protrusion of the end of bundles of long needles (megascleres) without 
heads which extend radially from the centre of the body; no spongin 
fibres present: 6 genera. 

Tethta Lamarck. Body with a thick, leathery rind and the form 
and color of a small orange : several species. 

T. hispida Bowerbank. In 8 to 35 fathoms in Casco Bay, Maine. 

Family 2. 8UBEBITIDAE. 

Form massive; substance compact and firm; spicules (megascleres) 
are needles with heads ; without microscleres or spongin : 15 genera. 

8tTBEBXTEB Nardo. Form various, often massive, sometimes pedun- 
culate; outer surface smooth: 15 species. 

8. compacta Verrill. Body irregular, being an elongated mass 
attached by one edge; length up to 15 cm.; width and height 2 to 8 cm.; 
color bright yellow; surface smooth; oscula inconspicuous: Maine to 
Virginia in shallow water; often on the shells of hermit crabs. 

Family 3. POLYMASTHDAE. 

Form massive, often spherical, with long needles extending radially 
from the centre; with the surface covered with small protuberances, 
some of which have an osculum; no microscleres or spongin: 13 genera. 

Polymastia Bowerbank. Smaller needle and pin-shaped spicules 
in addition to the radial ones present. 

P. robust* Bow. Form irregular; color yellow or gray; diameter 
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up to 30 cm.; with finger-like branches 4 to 10 mm. long: North Carolina 
to Maine and northerly in 1 to 8 fathoms; very common in Long Island 
Sound; Europe. 

Family 4. CLIONEDAE. 

Sponges which bore in shells or limestone by some process not 
understood; monaxial spicules of various forms: 4 genera. 

Olxova Grant. The sponge begins its existence by boring in the 
dead or living shells of various mollusks; it honeycombs the shell, and 
after having destroyed it, grows over it, forming a mass often 15 or 20 
cm. in diameter, on the surface of which are small elevations. 

0. celata Grant. Sulphur sponge. Color bright yellow: very com- 
mon from South Carolina to Maine in 1 to 12 fathoms; cosmopolitan. 

Suborder 2. HALICHONDRINA. 

Body not compact but usually fibrous, without a cortex; spongin 
usually well developed: 13 families. 

Family 1. SPONGLLLIDAE. * 

Fresh-water sponges. Body variable in shape and forming an irreg- 
ular mass incrusted on stones, sticks, plants, etc., up to the size of the 
band, or larger, and yellow or brown in color, or green where exposed to 
the sunlight, as the result of the presence of zoochlorellae; spicules of 
two principal kinds, (1) the megascleres, slightly curved needles or rods 
occurring in the mass of the sponge and (2) the microscleres, much 
smaller needles, rods or amphidiscs (two star-like plates joined by a rod) 
(Fig. 139, B) which occur in the sponge or form the shell of the gem- 
mules; asexual reproduction by gemmules, these being globose buds 
about .5 mm. in diameter, which may occur throughout the sponge, being 
present mostly in the latter part of the summer and in the fall: about 
10 genera and 50 species, of which 21 occur in this country ; in fresh and 
sometimes brackish water, both in running streams and in ponds and 
lakes, from the surface to a depth of 200 feet; cosmopolitan. 

Key to the American genera of Spongillidae: 

o, Gemmules without tendrils or projections. 

6, No amphidiscs present 1. Sfonoilla 

b 7 Amphidiscs present 
c* Discs of amphidiscs of same size. 

<*j But one type of amphidiscs 2. Ephydatia 

d, Two types of amphidiscs 3. Hetebomeyenia 

c, Discs of unequal sise 4. Tubella 

<h Gemmules with tendrils or projections 5. Cabtebius 

* See "A Monograph of the Fresh Water Sponges," by B. Potts, Proc. Acad. Nat. 
Scl., Phila., for 1887. "Spongillidae," by W. Weltner. Stlssw. F. Dentschl., Heft 
19. 1909. 
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Fig. 138 — A, spicules of Bvongilla lacustris; 
B, gemmule of same ( Silas w. F. Deut). 



1. 8P0H0ILLA Lamarck. Gemmule without amphidiscs, but sur- 
rounded by needles or rods alone; large needles usually smooth: 17 
species, 6 American. 

S. lacustris (L.) (Fig. 138). Sponge branching and usually green, 
with smooth longer (megascleres) and rough shorter (microscleres) 
needles; gemmules surrounded by spiny curved rods, but occasionally 
without them, and often scarce until late in the fall: cosmopolitan, pre- 
ferring running water and 
sunlight ; the commonest 
fresh-water sponge. 

S. fragilis Leidy. Sponge 
not branching, growing in 
flat patches, usually yellow 
or brown but occasionally 
green in color; gemmules 
abundant, in one or more 
layers at the base of the 
sponge; large needles smooth; no microscleres in body of sponge: in 
standing and running water and avoiding the light; next to the above, 
the commonest species. 

2. Ephydatia Lamouroux (Meyenia Carter). Gemmule with amphi- 
discs all of one type: 17 species, 8 American. 

£. fluviatilis (L.) (Fig. 139). Sponge massive, occasionally lobate; 
color yellow or brown, sometimes green; needles smooth 
or rough with only the tip smooth; no smaller needles 
present: cosmopolitan; in standing and running water, 
preferring the former. 

3. Heteeokeyevxa Potts. Similar to 
Ephydatia, but the gemmule has amphidiscs 
of two different types, the less numerous 
being much longer than the other and with 
long hooked rays on the discs : 3 species, all 
American. 

H. ryderi Potts. Sponge massive, 
often hemispherical, lobed, light green in 
color; needles rough, except at the tips; long amphidiscs with spiny 
shaft and discs consisting of 3 to 6 recurved hooks; short amphidiscs 
with usually smooth shaft and large flat discs: eastern and central 
North America, in shallow-flowing water. 

4. Ttoella Carter. Discs of amphidisc of very unequal size, giv- 
ing it the shape of a collar button; needles rough, sometimes with 
rounded tips: 5 species, 1 American. 




Fig. 139 — Ephydatia 
tilts. A, entire sponge attached 
to a stick: B, amphidiscs in 
gemmule (SUssw. F. Deut.). 



fluvia- 
ttac 
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T. penn8ylvanica Potts. Sponge minute, being 6 mm. in diameter, 
incrusting, gray or green in color; gemmules very numerous: eastern 
North America, in shallow water. 

5. Oabtehito Potts. Aperture of gemmule with 
a chitinous lining which is prolonged into a tube 
which is expanded at its outer margin and often 
divided into long tendrils: 5 species, 3 American. 

G. tenosperma Potts (Fig. 140) . Sponge yellowish- 
green; needles rough, both long and short being pres- 
Fig. 140 en t . gemmules with 3 to 5 twisted tendrils which may 

mule of CarfeHus be 12 mm. long; amphidiscs as in Ephydatia: eastern 
(Sttaaw^'&rSeiit). United States; on water plants or shells. 

Family 2. CHALINIDAE. 

Form various; usually branched; spongin fibres often well devel- 
oped; spicules needle-shaped; some species form gemmules like fresh- 
water sponges : about 40 genera, all marine. 

Key to the genera of Chalinidae here described: 

Oi Spongin fibres form a regular network 1. Chaltna 

a, Spongin fibres little developed. 

6 X Spicules connected at their tips to form a network 2. Renieba 

6, Spicules confusedly massed together 3. Halioondria 

1. Ohaxina Bowerbank. 
Sponges in which the spongin 
forms a regular rectangular 
network in which the spicules 
are imbedded: several species. 

G. oculata (Pallas) (Fig. 
141). Finger sponge. Thick, 
more or less flattened, forked or 
digitate stalks with round ori- 
fices 2 mm. in diameter scat- 
tered over them; color orange 
or red: very common from 
Rhode Island to Labrador, in 
1 to 80 fathoms. 

0. arbuscula Verrill. Dead 

men's fingers. Body a cluster 

of branches, 10 to 20 cm. long 

. ,. Fig. 141— Chalina oculata (Shaffer), 

and 5 to 10 mm. m diameter, of 

delicate texture and white or gray in color : North Carolina to Cape Cod 

in 1 to 8 fathoms; very common in Long Island Sound. 
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2. Bevxeba Schmidt. Form various, very fragile, easily pul- 
verized; spongin very little developed; spicules straight needles 
joined at their tips, and arranged to form a network: numerous 
species. 

E. mollis Lambe. Body massive, lobate, 9 cm. long, 5 cm. high and 
3 cm. thick; oscula large, 5 mm. in diameter; surface'rough; color yel- 
lowish: Labrador; Vancouver. 

3. Halxoondbia Fleming. Massive sponges of various shapes with 
needle-like spicules confusedly massed together, and with but little 
spongin: numerous species. 

H. panicea (Pallas). Color gray, yellowish or orange: from Rhode 
Island to the Arctic Ocean, in 4 to 8 fathoms; Europe. 



Family 3. ESPEEELLIDAE. 

Form various, a distinct network of spongin being present with 
needles of various forms, one of which is C-shaped: numerous genera. 





Fig. 142 
Pig. 142 — Microciona prolifcra (Wilson). 



Fig. 143 
Fig. 143— Stylotella heliophila (Parker). 



1. Esfe&ELLA* Vosmaer. Amorphous sponges with needle-like spic- 
ules predominating; spongin usually distinct: several species. 

E. fibrexilis H. V. Wilson. Irregular sponges, yellowish-brown in 
color, about 10 cm. in diameter, covered with algae, hydroids, etc., 
with a dermal membrane, beneath which are subdermal cavities; 
spicules few; gemmules formed during the summer: Woods Hole, on 
docks. 

2. Miobooioha Bowerbank. Sponge incrusting and irregular in 
form, with straight or bent needle-like spicules and stout spongin fibres: 
cosmopolitan. 

• See "Observations on the Gemmule and Egg Development of Marine Sponges/' 
by H. V. Wilson, Jour. Morph., Vol. 9, p. 277, 1894. 
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M. prolifera (Ellis and Solander) (Fig. 142). Bright-red sponges 
inerusting on stones, shells, etc., when young, rising in digitate masses 
sometimes 15 cm. high: South Carolina to Cape Cod from low water 
mark to 10 fathoms; very common in Long Island Sound. 

3. Stylotella* Lendenfeld. Erect, inerusting sponges with very 
little spongin and with needles in bundles ; no microscleres ; texture soft, 
no hard rind present. 

8. heliophila H. V. Wilson (Fig. 143). Yellowish sponges, either 
massive or with erect finger-like processes, 5 to 10 cm. long and 5 cm. 
high : common on stones and shells in shallow water, North Carolina. 

Obdek 3. GERAOSPONGIAE. 

Sponges in which the skeleton consists of a close network of spongin 
fibres without proper spicules : 4 families and about 40 genera, which are 
found in tropical and subtropical seas. 

Family 1. SPONGHDAE. 

Commercial sponges, f Spongin fibres solid, with a slender axial 
core and frequently enclosing foreign bodies, such as sand; flagellate 
chambers small with special openings by canaliculi into exhalent cavities: 
7 genera and about 20 species, the fibrous skeleton of many of which is 
used for commercial purposes. 

1. Eusponoia Bronn. Body massive with slender spongin fibres 
and very small meshes; simple main fibres usually containing sand, tho 
finer connecting fibres without sand : about 12 species ; cosmopolitan. 

E. officinalis (L.). Levant sponges. Fibres very elastic; form usu- 
ally more or less globose, often lobed, cup-shaped or lamelliform; color 
in life dark brown, being lighter beneath and on the sides : eastern Medi- 
terranean; Bahamas; West Indies; Australia; in 1 to 100 fathoms; 
several varieties are known, of which the most valuable is the light yel- 
low cup-shaped E. mollissima from Asia Minor. The American variety, 
the so-called glove sponge, is one of the least valuable commercial 
sponges. 

2. Hipposponoia Schulze. Horse sponges. Body massive and per- 
meated by large, often cavernous canals; fibres delicate and forming 
on irregular network: about 20 species. 

• See "The Reactions of Sponges," etc., by O. H. Parker, Jour. Exper. Zoo!., VoL 
8, p. 1, 1910. 

t See "Revision of North American Porlferae, Pt. I and II," by A. Hyatt, Mem. 
Bosfc Soc. Nat. Hist., Vol. 2, 1875 and 1877. "The Sponge Fishery and Trade," by 
R. Rathbun, U. S. Com. of Fish., Sect. 5, Vol. 2, p. 817, 1887. "The Commercial Sponge* 
of Florida," by IT. M. Smith, Bull. TJ. S. Fish. Com., Vol. 17, p. 225, 1897. "The 
Commercial Sponges and Sponge Fisheries, ,, by H. F. Moore, Bull. Bur. Fish., Vol. 28, 
p. 403, 1910. 
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H. gossypina Hyatt. Sheepswool sponge (Fig. 144). Form vari- 
able; surface with numerous projections, between which are the large 
oscula: Florida and the Bahamas; the most valuable American sponge. 

H. equina Schmidt. Horse sponge; yellow sponge; grass sponge; 
velvet sponge. Body massive, of coarse fibre and with extensive canal 
system: Mediterranean; West Indies; Florida; much less valuable than 
the above. 

3. 0A0O8P0NOIA Schmidt. Fi- 
bres rather coarse and brittle; main 
fibres distinct from the connecting 
fibres ; meshes large : several species. 

0. spongeliformis H. V. Wil- 
son. Body cylindrical, somewhat 
branching, 25 cm. long, 7 mm. 
thick; texture solid, with subder- 
mal cavities; surface covered with 
minute conical elevations; dermal 

membrane with numerous shells, ^$&&fiyi* w 

sand, etc., imbedded in it: West F1 * u^Bipgwongia gossypina 

Indies. 

4. HntCHTCA Nardo. Form variable, sometimes very large; charac- 
teristic filaments present found in no other sponges, which are 3 or 4 
mm. long, very fine and swollen at the ends: numerous species. 

H. acuta Hyatt. Body 10 cm. high, massive, with several oscula; 
surface with small protuberances; filaments in many places in bundles; 
color gray, in life blackish : West Indies. 

Family 2. APLYSINIDAE. 

Fibres hollow, without foreign inclusions ; flagellate chambers small ; 
form various: 4 genera. 

Apltsdia Nardo. Form various but usually digitate; fibres form a 
close network; surface with protuberances: numerous species. 

A. flagelliformifl Carter. Body 10 cm. long, cylindrical, branching, 
7 mm. in diameter, dark red in color: West Indies. 

Order 4. MYXOSPONOIAE. 
Sponges without skeleton of any kind : 2 families. 

Family HALISABCIDAE. 

Slime sponges. Body incrusting and soft, with elongate, sac-like 
flagellate chambers: 3 genera. 
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Halzsaboa Dujardin. Body small, soft and irregular, with large 
oscula somewhat elevated: several species. 

H. dnjardini Johnston. Small, pale-yellow, gelatinous sponges grow- 
ing on red algae: in 5 fathoms, off Rhode Island. 

Subphylum 2. CNIDARIA.* 

Jellyfish, hydroids, corals, etc. Aquatic animals, either sessile or 
free-swimming, in which the body possesses a single internal cavity, the 
gastrovascular space (Fig. 131). This has usually a single opening to 
the outside, which is called the mouth, and is the common digestive and 
circulatory cavity; in the simplest cases it is cylindrical in shape, but in 
the higher and larger forms is much branched, 
forming a system of canals. 

The cnidarians are predacious animals and 
usually possess long vibratile tentacles by means 
of which they take their prey. These tentacles, 
as well as other parts of the body, are provided 
with numerous characteristic organs of peculiar 
structure called the nettle organs or nematocysts 
which render them effective instruments in the 
performance of this important function. A nettle 
organ (Fig. 145,3) consists of a spiral, thread-like 
tube with several barbs at the .base which lies 
coiled within a cavity in a specialized cell called 
a cnidoblast (1). The cavity is filled with a poisonous fluid; its walls form 
an ovoid sac, the outer end of which is continuous with the thread-like tube. 
A minute spine, the cnidocil (2), projects from the free surface of the 
cnidoblast into the water and when the surface of the ectoderm is irri- 
tated, either by actual contact or in other ways, the tube is shot out with 

• See "Contributions to the Natural History of the U. S.," Vol. 3 and 4, by L. 
Agassiz, 1862. "Invertebrate Animals of Vineyard Sound," by A. E. Verrill, Rep. U. S. 
Fish. Com., 1871. "Les Caelenteres," by Delage et Herouard, Traitfi de Zoologle 
concrete, Vol. 2, 1901. "Hydroids of the Woods Hole Region, ,, by C. C. Nutting, 
Bull. U. S. Fish. Com., Vol. 19, 1899. "Synopsis of North American Invertebrates, 
The Hydromedusae," by C. W. Hargitt, Part I, II, III, IV, Am. Nat, Vol. 35, pp. 
301, 379 and 575, 1901, and Vol. 37, p. 331, 1903. "The Hydroids of the Pacific Coast of 
North America," by H. B. Torrey, Univ. of Cal. Pub., Vol. 1, p. 1, 1902. "The Medusae 
of the Woods Hole Region," by C. W. Hargitt, Bull. Bur. Fish., Vol. 24, p. 21, 1904. 
"Notes on Coelenterates of Woods Hole," by C. W. Hargitt, Biol. Bull., Vol. 14, p. 95. 
"A Synopsis of the Fixed Hydroids of New England," by J. S. Kingsley, Tufts College 
Studies, Vol. 3, p. 13, 1910. "Medusae of the World," by A. G. Mayer, 1910. "The 
Hydroids of the West Coast of North America," by C. M. Fraser, Bull, from the Lab. 
of Nat Hist of Univ. of Iowa, Vol. 6, 1911. "Some Hydroids of Beaufort, North 
Carolina," by C. M. Fraser, Bull. Bur. Fish., Vol. 30, p. 337, 1912. "A Biological 
Survey of the Waters of Woods Hole and Vicinity," by F. B. Sumner and others, BalL 
Bur. Fish., Vol. 33, 1913. 



Fig. 145 — Diagram of 
a nettle organ in the ec- 
toderm of a cnidarian 
(Lendenfeld). 1, cnido- 
blast; 2, cnidocil; 3, 
nematocyst ; 4, nerve 
fibre; 5, tactile cell. 
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Fig. 146 — The action of nettle 
organs (Toppe). A, a nettle or- 
gan piercing the cbitinous shell 
of an Insect; B, nettle organs 
holding a small crustacean by its 
spines. 



sufficient force to puncture the skin of small animals (Fig. 146), and the 
poisonous fluid which is thus injected into the wound may cause paralysis 
or death. The thread tubes also often 
lasso small animals by winding around 
hairs and other projections of their 
bodies (Fig. 146, B). The nettle organs 
of the larger jellyfish often inflict a 
painful wound to man. 

The body of the Cmdaria is dis- 
tinctly radiate in structure; in the 
smallest jellyfish and hydroid polyps the 
number of radii is usually four and in 
the larger ones and the Alcyonaria, some 
multiple of four; in the Zoantharia it is 
usually six or a multiple of six. 

Two distinctly different types of 
structures are present among the Cni- 
daria, which are, however, capable of 
being referred to a common fundamental 
form. These are: (1) the hydroid or 
polyp type (Fig. 147, A), and (2) the medusa or jellyfish type (Fig. 147, 
B, or Fig. 154). The first is seen in the simplest form in the fresh-water 
Hydra and the hydropolyps, and in a more complex form in the corals; in 

these animals the body is 
cylindrical in form, one end 
is usually attached to some 
more or less stationary ob- 
ject, while at the other end 
is the mouth surrounded by 
tentacles. 

Two variations of this 
type are found. In the 
Scyphozoa and the An- 
thozoa (Fig. 219) longitu- 
dinal mesenterial ridges pro- 
ject prominently into the 
gastrovascular space and a 
gullet lined with ectoderm 
is present, while in the sim- 
pler Hydrozoa or Hydro- 
medusae these features are wanting (Fig. 147, A). Cnidarians of the 
hydroid type live in colonies in the majority of cases which often con- 




of stmctnre of cni- 



Plg. 147 — The two types 
darlans. A. the hydroid type: B, the medusa 
type, a quarter of the animal being removed to 
snow the internal structure. (Delage et H6rou- 
ard.) 1, mouth; 2. gastrovascular space; .1, ten- 
tacle ; 4, exumbrella ; 5, subumbrella ; G, manu- 
brium ; 7, velum. 
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tain thousands of individuals, and grow from one another by process of 
budding. 

The medusa type is seen in its simplest form in the usually minute 
hydromedusans and in a more complex form in the larger scyphomedu- 
sans. In all these animals the body is more or less bell or disc-shaped, 
the convex side, which is called the exumbrella, corresponding to the 
attached end of the hydroid polyp, while from the center of the concave 
side, which is called the subumbrella, extends the manubrium, a more or 
less cylindrical but often branched projection, at the end of which is 
the mouth. Tentacles may be present on the manubrium, at the edge 
of the bell, on the subumbrella or the exumbrella, and may be long or 
short and flexible or rigid. 

Two distinct types of medusae are met with. Those of one type are 
called craspedote medusae (Fig. 147, B), because they possess a velum (7). 
This organ is a ridge or membrane containing epithelial muscle fibres, 
which extends inwards toward the manubrium from the entire edge of 
the subumbrella. These medusae are almost all small, being usually less 
than 2 cm. in diameter, although some are larger, JEquorea tenuis attain- 
ing a diameter of 10 cm. and Mquorea forskalea of the Mediterranean 
one of 40 cm. and, excepting the Narcomedusae, have a plain, unscalloped 
edge. Those of the other type are called acraspedote medusae (Fig. 216) ; 
these lack the velum or have it in a rudimentary form and possess a 
scalloped outer edge, as well as other special features; they are also usu- 
ally large, some having a diameter of a meter or more. A certain number, 
however, are small, with a diameter of less than a centimeter. 

In Hydra and the Anthozoa the hydroid or polyp type of structure 
alone prevails, and the animals produce, either by budding or by sexual 
methods, young individuals which develop directly into adults similar to 
the parents. In most Trachomedusae and Narcomedusae, so far as known, 
the medusa type alone prevails, the young developing directly into free- 
swimming medusae. In the Hydromedusae and Scyphomedusae, on the 
other hand, both types may prevail in the same species, and the phenome- 
non of the alternation of generations is exhibited, an asexual generation, 
which is the hydroid, producing by budding a sexual generation, which 
in these animals is the medusoid generation. The medusoids are either 
male or female and produce embryos called planulae, which after a period 
of free life attach themselves to some fixed object and become hydroid 
polyps, the medusoid buds, in certain cases, remaining attached to the 
parent hydroid, and in others becoming free-swimming jellyfish. 

In all the Cnidaria, the body wall consists of the outer ectoderm, the 
inner entoderm and the middle mesoglea (Fig. 131). The ectoderm consists 
of a single layer of cells, among the inner ends of which are small inter- 
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gtitial cells and often epithelial muscle fibres and nerve cells. The mes- 
oglea is skeletal in function and a secretion of the two cellular layers; 
in the Hydromedusae it remains non-cellular and usually thin, but in the 
other Cnidaria, cells migrate into it from the ectoderm and it often be- 
comes very thick, forming the jelly (Pig. 131, 3). The gastrovascular 
space (Fig. 147) is cylindrical in the hydroid; in the medusa it is a 
branched cavity which forms a system of canals. Food is taken into the 
mouth ; in the gastrovascular space it is digested and the products of diges- 
tion are caused to circulate throughout the body of the colony by the action 
of the entodermal flagella or cilia. The sexes are separate in Cnidaria, 
with some exceptions, but usually not dimorphic. The sex cells arise in 
the ectoderm in the lower and in the entoderm in the higher forms. 
Locomotion is accomplished by means of the muscle fibres which are the 
inner projections of ectoderm or entoderm cells. The sessile hydroids 
and Anthozoa move their tentacles about actively and can retract and 
extend the body; the medusae swim slowly through the water by means 
of the muscle fibres in the velum or in the subumbrella. The nervous 
system consists of a plexus of nerve cells and fibres among the muscle 
fibres, some of which, in the medusae, form a double ring in the outer 
rim of the umbrella and in the acraspedote medusae a rudimentary gan- 
glion at the base of each sense organ. The muscles may also be stimu- 
lated directly and without the intermediary of nerve cells or fibres. 
Special sense organs are absent in hydroids and the Anthozoa : in medusae 
they are present in the margin of the umbrella and may be either visual 
(ocellate) in function or equilibrial (vesiculate). 

History.— Aristotle was acquainted with many cnidarians, especially 
with actinians and medusae which he named Acalephae and Cnidae, the 
latter term referring to the stinging power of the animals. During the 
succeeding ages and down to about the middle of the eighteenth century 
the animals were observed and figured by a number of naturalists, but 
little or no exact knowledge of them existed. They were called either 
plants or plant-animals (zoophytes) and were often considered the con- 
necting link between the plant and animal kingdoms, a belief that has 
not entirely disappeared in some localities even down to the present day. 
Polyp stocks and corals were generally held to be plants, the individual 
animals being called the flowers. When, however, Trembley in 1744 
demonstrated the animal nature of Hydra and Peyssonnel in 1753 that of 
eorals, a new era began in the study of cnidarians, and in the following 
years a large number of them were accurately figured and described by 
Ellis, Pallas, 0. F. Miiller, and others. The relation of the polyp to 
the medusa was, however, still for a long time to be entirely unknown. 
Cuvier in 1799 was one of the first to study the anatomy of the medusa 



Digitized by 



Google 



90 C(ELENTERATA 

and in 1812 brought polyps and medusae together in the single type- 
group of Animalia-Radiata. 

The next few years saw an immense increase in the knowledge of 
both the anatomy of the medusa and the polyp and in the number of 
the forms known, yet it was not until 1841 that M. Sars, on the basis 
of his studies of AureUa aurita, and 1842 that Steenstrup, on that of 
his studies of Coryne, could first definitely formulate the principle of 
the alternation of generations in cnidarians and elucidate the relation of 
the polyp to the medusa. Even as late as 1837 Loven held the polyp and 
medusa to be dimorphic sexual forms, the former being the male and 
the latter the female individual. In 1847 Leuckart created the phylum 
C (Blent erata and called attention to the fundamental sack form of the 
body, and in 1849 Huxley showed that the walls of this sack were made 
up of two layers which he named ectoderm and entoderm and homologized 
with the two primitive germ layers of the higher animals. In 1851 Vogt 
introduced the useful term Hydromedusa, Huxley in 1856 that of Hydro- 
zoa, and Claus in 1891 that of Scyphozoa. The latest development of 
the system is due to many authors, of whom perhaps Chun and A. G. 
Mayer are especially to be mentioned. The first important American 
work on cnidarians was J. D. Dana's Report of the Zoophyta of the 
Wilkes Expedition (1846). Louis and Alexander Agassiz and their 
pupils and followers have done the most to extend the knowledge of 
American cnidarians. Mayer's monograph, The Medusae of the World, 
is the most important recent work. The subphylum contains about 4,200 
species, grouped in 3 classes. 

Key to the classes of Cnidaria: 

a, Small hydroid polyps and both small and large medusae, 
bx Hydroids without mesentarial ridges and usually colonial, and craspedote 

medusae 1. Hydbozoa ( Hydromedusae) 

b t Minute hydroids with 4 mesentarial ridges, and acraspedote medusae. 

2. Sctphozoa (Scyphomedusae) 
a t Corals, sea-anemones and gorgonians 3. Anthozoa 

Class 1. H7DR0Z0A. (Hydromedusae.) 

Hydroid polyps and crasp edo^medusae^jisually with alternatio n of 
P^nprftti™ 10 Tru Dy3roid stage, which is called the trophosome, is sessile 
and usually colonial and produces by budding the medusoid stage, which 
is called the gonosome. The latter is sexual and either male or female. 
The individual hydroids are small, being usually but a few millimeters 
in length, the solitary tubularians being exceptions, which may be several 
centimeters, and in the case of the deep-sea Branchiocerianthus imperator, 
which is allied to Corymorpha, a meter or more in length. The colonies 
are often plant-like in appearance; the indi vidual polyps are called the 
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'lydrant hs (Fig. 152), t he stalks o n which they grow, the hydrocaulus, 
and the root-like projections by which the stalk is attached ~f5Hie~ sub- 
stratum, the l^drorhiza^^Tfieg^tovascular space (Fig. 150) extends 
throughout the colony so that all the polyps are in communication with one 
an other . AcuticuTar~layer called the peris&rc is secreted by the ectoderm 
of many species which gives rigidity to the whole colony: in the Hydro- 
coralUnae the perisarc is calcareous and so enormously thickened that the 
colony has the appearance of coral The 4Uouth of Jhe hydroid is ter- 
minal in position and at the su mmit of an elevation called the hypostome. 

In very^many Hydromedusae, the hydroid individuals are polymor- 
phic (Fig. 162), being specialized to perform different functions. 

The medusoid stage or gonosome is either a free-swimming craspedote 
medusa or a sessile medusoid individual or gonophore which remains 
attached to the parent hydroid. In the latter case it may have retained 
the general form of a medusa or it may be reduced to the form of a bud 
(sporosac) and have lost all semblance of the medusoid form. The 
embryo is ciliated and is called the planula :. after a period of free life 
ifattaches itseTfand becomes a hydroid polyp. 

Most UydromedUsai^vfQ Tn the sea. Hydra is found in fresh water 
and is cosmopolitan in its distribution. Cordylophora is a brackish water 
form which also occurs in fresh water. A few medusae, Microhydra in 
Pennsylvania and Europe, Craspedacusta (Limnocodium) in America, 
Europe and Brazil, Limnocnida in Lake Tanganyika and Holomisis in 
Trinidad, occur in fresh water. The class contains about 2,000 species, 
grouped in 7 orders. 

Key to the orders of Hydromedusae: 

A. THE HYDROIDS. 

a, Animals mostly in fresh water 1. Hydrabiae 

«, Animals marine (rarely in fresh water). 

6, Colony forms a coral-like stock 2. Hydrooorallinae 

bj Colony not coral-like. 

c, Colony and individual hydroid usually not minute. 
d l No protective cup (hydrotheca) on bydranth (Pig. 150) . .3. Tubulariae . 

<*, Hydrotheca present (Pig. 172) 4. Campanulariae. 

c, Colony and hydroid minute (when present) 5. Traohomedusae 

c, Colony free swimming 7. Siphonophora 

B. THE MEDUSAE. 
(Excluding the HydrocoralUnae and the Siphonophora.) 

a, Rim of umbrella not scalloped. 

6, Gonads on manubrium 3. Tubulariae (Anthomedusae) • 

b t Gonads on subumbrella (sometimes also on manubrium). 
d Medusae often disc-like at maturity. . .4. Campanulariae (Leptomedusae) 

c, Medusa usually hemispherical or elongate 5. Traohomedusae 

a, Rim of umbrella scalloped 6. Narcomedusae 
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Fig. 148 

Hydra iHridUsima 
(Stlssw. P. Deut.). 
l f sperm ; 2, ovum. 



Order 1. HYDRARIAE.* (The Hydras.) 

Elongate, cylindrical animals 1 to 3 centimeters in length. The animal 
attaches itself temporarily by means of a sticky secretion at one end 
which may be called the foot, and can move about slowly by gliding on 
the foot and by a looping movement; it cannot swim. At the free end 
is4he^mouth on the conical hypostome, at the base of 
which is a single row of hollow tentacles. No perisarc 
is present. The food consists of small crustaceans 
and other animals which are caught by means of the 
nematocysts. When the animal is well fed it repro- 
duces principally by budding, the buds often remain- 
ing attached to the parent for a while, but finally 
becoming separated: it also reproduces occasionally 
by transverse or longitudinal fission. At certain times 
the Hydra reproduces sexually and is either monoe- 
cious or unisexual. Spermatozoa are produced from 
specialized interstitial cells usually near the base of the tentacles which 
form rudimentary testes, and a single large ovum may appear in an ovary 
formed of interstitial cells usually near the proximal end of the body. 

The order contains about four genera, of which Hydra 
is the most familiar. The other genera, Protohydra and 
Haleremita, which are marine, and Polypodium, which was 
found on the eggs of the sturgeon in the river Volga, are 
apparently rare and have not been found in this country. 
Hydra L. Tentacles 4 to 12 in number: 3 well 
established species; cosmopolitan; in fresh water. 

H. viridissima Pallas (H. viridis L.) (Fig. 148). 
Green hydra. Body grass green, the'color being due to the 
presence of zoochlorellae in the entoderm; tentacles short 
and about 6 in number; hermaphroditic: usually on water 
plants. 

H. oligactig Pallas (H. fusca L.) (Fig. 149). Brown 
hydra. Body brown; tentacles very long and about 8 in 
number; proximal end of body slender and stalk-like; unisexual: on stones, 
sticks, and plants. 

H. vulgaris Pallas (H. grisea L.). Color gray, orange, or brown; 
proximal end of body not stalk-like; average number of tentacles 6: on 
stones, plants, etc. 




Fig. 149 
Hydra oligac- 

ut). 



ti8 (StlRSW. P. 

Deu 



• See "Mem. poor servir a l'Hlst. d'un genre de Polyps d'ean donee," by A. 
Trembley, 1744. 'The Development of Hydra," by G. A. Tannreuther, Biol. Bull., Vol. 
14, p. 261, 1908. "Die Benennung und Unterscheidung der Hydra Arten," by 
A. Brauer, Zool. Ana., Vol. 33, p. 790, 1909. 
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Order 2. HYDBOOORALUNAE. 

Hydromedusans in which the polyps are colonial and have a calcified 
perisarc of such thickness that the colonies resemble corals. In fact, 
the animals were classified among the corals until Louis Agassiz in 
1859 showed them to be hydromedusans allied to the Tubulariae. The 
colony is incrusted on a rock or some other object and rises erect in the 
form of a more or less arborescent, coral-like body in the water, being 
cod) posed of a network of tubes imbedded in a thick calcareous mass. 
The tubes have the cellular structure characteristic of hydromedusans, 
the calcareous groundwork being secreted by their ectoderm. Numerous 
pores appear in the surface of the colony leading into cylindrical cham- 
bers from the bottom of which two kinds of polyps may project into 
the surrounding water; these are nutritive polyps or gastrozooids, with 
mouth end often provided with tentacles, and the defensive polyps or 
dactylozooids, without mouth and with batteries of nematocysts. Tho 
gonosomes are usually sporosacs, but in a few forms they are medusae 
and are produced in chambers which open to the outside through special 
pores. 

The suborder contains 2 families and 15 genera, which are inhab- 
itants of tropical seas. One species occurs on the Florida coast. 

Family MILLEPORIDAE. 

Colony very varied in form, consist- 
ing of a broad basal mass which is in- 
crusted on the rock, and irregular, short 
branches which rise from it into the 
water; the nutritive polyps have each 4 
or 5 short knobbed tentacles; the defen- 
sive polyps are also provided with ten- 
tacles ; the gonosome is a free medusa with 
4 or 5 rudimentary tentacles: 1 genus. 

Millspoka L. Each nutritive polyp 
is surrounded by 5 to 6 long and very 
contractile defensive polyps : 1 species on 
the Florida coast and in the West Indies. 

M. alcicornis L. Pepper coral. On 
the coast of Florida; has unusual sting- 
ing powers. 




Fig. 150 — A tubularlan hydrold 
polyp (Eudendrium) (Hertwig). 
1, entoderm ; 2, ectoderm ; 3, peri- 
sarc ; 4, gastrovascular space ; 5, 
mouth; 6, hypostome. 



Order 3. TUBULARIAE. (Gymnoblastea; Anthomedusae.) 

Mostly colonial hydrnmeflnqnns in which the hydranth is without a 
piategtive cup Utydrotheca) (Fig. 150)~ and which produce either free 
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medusae or sessile medusoid buds. The medusae (Fig. 147, B) are known 
as Anthomedusae and are usually more or less bell-shaped and ocellate and 
bear the gonads on the manubrium. Many of them have never been traced 
to the hydroids which produce them : about 15 families. 
Key to the families of Tubulariae here described : 

A. THE HYDROIDS. 

Oj Hydranth without a basal whorl of tentacles, these being scattered more or 
less irregularly over the hydranth. 

b t Tentacles filiform ; no free medusae 1. Clavidab 

6 a Tentacles knobbed 2. Corynidae 

a, Hydranth with a basal whorl and with or without distal tentacles, 
o, Hydranth with a basal whorl and no distal tentacles. 
Ot Colony arborescent. 

dx Hypostome conical ; free medusae present 3. Bougainvilliidae 

d, Hypostome trumpet-shaped ; sporosacs present 4. Eudendriidae 

c, Colony not arborescent, but incrusting. 

dx Sporosacs present and no free medusae 5. Hydra ctiniidae 

d, Medusae present 6. Podocobynidae 

b % Hydranth with both basal and distal tentacles. 

Cx Distal tentacles knobbed 7. Pennarhdae 

c, Distal tentacles filiform ; hydranths of large size. 
dx Free medusae present. 

ex Hydranths solitary 8. Cobymobphidae 

c, Hydranths colonial 9. Dendboclavidae 

d, Sporosacs in pendant clusters present 10. Tubulabiidae 

B. THE MEDUSAE. 

(The 1st, 4th, 5th and 10th families produce no free medusae.) 

Ox No oral tentacles or lobes present. 
b x Two or 4 marginal tentacles. 

Cx Tentacles well developed 2. Cobynidae 

c, Tentacles rudimentary 7. Pennabiidae 

6, One long marginal tentacle, the others short (except Ectopleura) . 

8. COBYMOBPHIDAE 

c. Oral tentacles or lobes present 
bx Marginal tentacles in 4 or 8 clusters (except Perigonimus) . 

3. BOUGAINVILLIIDAE 

6, Tentacles not in clusters. 

Cx Marginal tentacles 2 or 4 Pebioonimus 

c t Marginal tentacles 4 or 8 6. Podocobyxidae 

c, Marginal tentacles numerous 9. Dendboclavidae 

Family 1. CLAVIDAE. 

Trophosome : colony either branching or consisting of an extensive, 
filiform hydrorhiza from which rise the polyps; hydranths elongate and 
bearing numerous filiform tentacles irregularly placed. Gonosome : gono- 
phores in clusters either just below the tentacles or on special branches 
or even rising independently from the hydrorhiza, forming sporosacs and 
never medusae: about 5 genera. 
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151 — Clava lep- 
toetyla (Nutting). 



Key to the genera of Clavidae here described : 

Ox Colony not branching ; polyps rising from a filiform hydrorhiza. 

bx Sporosacs borne on hydranths 1. Clava 

0, Sporosacs spring from hydrorhiza 2. Rhizogeton 

o, Colony branching 3. Cordylophora 

1. Clava Gmelin. Simple unbranched hydranths rise from a fili- 
form hydrorhiza; this is protected by a perisarc which extends a short 
distance up the hydranth; sporosacs in clusters at 

the base of the tentacles: 5 species. 

C. leptostyla Agassiz (Fig. 151). Hydranths 
reddish in color, about 2 cm. long, with about 20 
tentacles; male sporosacs pink, female purple: 
common in shallow water on fucus, piles, etc., from 
Long Island Sound to Labrador; California. 

2. Rhizogeton Agassiz. Similar to Clava, 
except that the sporosacs arise from the hydro- 
rhiza on short stalks : 1 species. 

B. fnsiformis Ag. Hydranth about 8 mm. 
high, with 12 tentacles; sporosacs shorter and 
invested with the perisarc: in rock pools in Massachusetts Bay. 

3. Cordtlophoka* Allman. Colony profusely branching, the hy- 
dranths with scattered filiform tentacles being at the ends of the 

branches; sporosacs ovate, 
ffe springing from the 

branches; with a definite 
perisarc: 2 species. 

0. lacuBtris All. (Fig. 
152). Colony about 20 to 
30 mm. high ; hydranth with 
10 to 20 tentacles : on rocks, 
eel grass, etc., in brackish 
and fresh water, being one 
of the very few fresh -water 
coclenterates ; Rhode Island ; 
Massachusetts ; Illinois ; 
sometimes rather common; 
Europe. 




Fig. 152 

Fig. 152 — Cordylophora laeustris (Sttssw. 
Deut). 1, hydranth; 2, bydrocaulus ; 3, 
hydrorhiza. Fig. 153 — Syncoryne 
mirabilis (Agassii). 



Family 2. OOBYNIDAE. 



Trophosome: colony branched or not, with long, slender hydro- 
caulus and cylindrical hydranths bearing numerous knobbed tentacles 

• 8ee "Hydrolda In the Illinois River/' by F. Smith, Biol. Bull., Vol. 18, p. 67, 1910. 
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irregularly placed. Gonosome: gonophores usually among the basal 

tentacles and producing either free-swimming or attached medusae with 

4 radial canals and 4 tentacles: numerous genera. 

Key to the genera of Corynidae here described: 

(H Hydroid branched ; medusa with 4 long, marginal tentacles. . . .1. Synoobtne 
o, Hydroid branched ; medusa with 4 short knobbed marginal tentacles. 

2. DlPUBENA 

a, Hydroid not branched; medusa with 2 long and 2 rudimentary marginal 

tentacles 3. Gemkabia 

1. Stvoortve Ehrenberg. Hydroid colony 15 mm. high and branched 
and with definite perisarc and an elongate, cylindrical hydranth; medusa 
with an ocellus at the base of each tentacle : 16 species. 

S. mirabilis Agassiz (Fig. 153). Hydroid col- 
ony attached to seaweed, shells, etc., in shallow 
water, from Martha's Vineyard to Greenland, also 
in California; medusoid in 2 varieties, one, which 
was first described as Sarsia mirabilis, free-swim- 
ming, developing in early spring, 7 mm. high and 
4 mm. in diameter, with 4 long, marginal tentacles 
and a long manubrium extending beyond the velum 
(Fig. 154) ; the other, a sporosac, with rudimentary 
tentacles, and without ocelli or mouth. 

2. Dzptteeha McCrady. Hydroid like Syn- 

coryne; medusae with 4 stout marginal tentacles 

the ends of which are knobbed, and a long 

manubrium with constrictions, often extending 

beyond the velum: 6 species. 

D. strangulata McCr. (Fig. 155). Medusa very transparent, 3 mm. 

wide, 4 mm. high, ovoid in shape: common at Woods 

Hole; South Carolina. 

3. Gexxabia McCrady. Hydroid like Syncoryne 
but unbranched, the hydranth rising from a creeping 
hydrorhiza; medusa with 2 marginal tentacles, each of 
which bears long-stalked nematocysts, and with mouth 
without marginal lobes: several species. 

G. gemmosa McCr. Hydroid on Mytilus shells, 
etc.; adult medusa 6 mm. in diameter, almost spherical 
and with 2 tentacles; no ocelli: Vineyard Sound and 
southwards. 

Family 3. BOUGAINVILLIIDAE. 




Fig. 154 — Syncoryne 

mirabili*; medusa 

(Hargitt). 




Fig. 155 

Dipurena stran- 
gulata 
(Hargitt). 



Trophosome: colony branching with distinct, often annulated peri- 
sarc; hydranth with a single whorl of filiform tentacles. Gonosome: a 
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free-swimming medusa which is usually borne on the hydrocaulus and 
has 4 radial canals; marginal tentacles either single or in clusters, and 
4 or 8 manubrial gonads : about 19 genera. 

Key to the genera of Bougainvilliidae here described : 

a, Hydroid colony arborescent ; medusa with tentacles in clusters. 
6, Medusa with tentacles in 4 clusters, 
c, Medusa without short knobbed tentacles ; hydroid arborescent 

1. Bougainvuxia 

c, Medusa with a pair of short knobbed tentacles at each cluster. .5. Nemopsis 

6, Medusa with tentacles in 8 clusters ; hydroid like Bougain villia . .4. Rathkea 

a, Hydroid colony with creeping hydrorhiza ; medusa with only 2 long tentacles. 

6* Four short oral lobes 2. Pebioonimus 

6, Four long oral lobes 3. Stomotoca 

1. Bougaxhvuxia Lesson. Trophosome : col- 
ony arborescent with a dense perisarc, hydranth 
with conical hypostome. Gonosome: medusa 
globular, with branching oral tentacles and 4 
pairs at first and later 4 groups of marginal 
tentacles: 20 species. 

B. carolinensis (McCrady) (Fig. 156). Col- 
ony may be 25 cm. high, usually 7 to 12 cm.; 
hypostome conspicuous; tentacles about 12; 
medusa with brick-red manu- 
brium and black ocelli, 4 mm. 
in diameter: Cape Cod and 
southward; common on fucus, 
piles, etc. 

B. superciliaris Agassiz (Fig. 157). Colony 5 cm. 
high or less; hypostome inconspicuous; tentacles 15 to 
20; medusa with yellowish manubrium and black ocelli, 
10 mm. in diameter: Newport to Greenland; on fucus 
and shells; Europe. 

2. PsBiGOHimrs Sars. Trophosome : colony branch- 
ing a little and rising from a reticulated hydrorhiza 
with a gelatinous perisarc and conical hypostome. 
Gonosome: medusa with 2 or 4 marginal tentacles; no 
ocelli : 10 species. 

P. jonesi Osborn and Hargitt. Hydroid colony, 10 
mm. high or less; hydranth with 16 tentacles; medusa 
hemispherical with an apical projection, 2 mm. high and broad, with 2 
long tentacles and 2 additional tentacular bulbs; manubrium short, 
squarish, with 4 oral lobes: on spider crabs (Ldbinia) at Cold Spring 
Harbor, L. L 





Fig. 156 — BougainvMia 
carolinensis (Hargitt). 



Fig. 157 

BougalnviUla 

Buperciliaris 

(Agassis). 
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Stomotoca 

apioata 
(Hargitt). 
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3. Stomotoca Agassiz. Trophosome like Perigonimus. Gonosome: 
medusa more or less conical with an apical projection; with 2 long mar- 
ginal tentacles and a squarish manubrium and 4 oral lobes 
and the often very large gonads on the side: 6 species. 

S. apicata (McCrady) (Fig. 158). Hydroid form 
unknown; entoderm of manubrium greenish in color in the 
male and brownish in the female; base of the tentacles 
purplish or yellowish; size 4 mm. by 3 mm.: Florida to 
Vineyard Sound; Europe. 

S. rugosa Mayer. Similar to preceding, but with 14 
rudimentary marginal tentacles together with the 2 long 
ones; base of the tentacles and manubrium brick red; 
5 mm. high: common at Newport, R. I., and southwards. 

4. Rathxea Brandt (Lizzia 
Forbes). Trophosome unknown. 
Gonosome: medusa subcorneal with 
marginal tentacles in 8 clusters of 3 
to 5 each; young with only 4 ten- 
tacles; manubrium buds off young 
medusae; 4 branching oral tentacles; 
no ocelli: 8 species. 

R. grata A. Agassiz (Fig. 159). 

Medusa 3 to 6 mm. high, transparent: Massachusetts 
Bay to Newport, R. I.; often common. 

5. Nehofsis Agassiz. Trophosome like Bou- 
gainvillia except that the medusae arise from the 
hydranths. Gonosome: medusa like Bougainvillia 
but with a pair of short-knobbed tentacles directed 
upwards from each group of long tentacles and with 
gonads extending on to the subumbrella: 2 species. 

N. bachei Ag. (Fig. 160). Medusa 6 to 10 mm. 
high: Florida to Vineyard Sound; common. 




Fig. 159—^ Rathkea grata (Hargitt). 




Fig. 160 
Wemopais bachei 



nopi 
(Mayer). 

Family 4. EUDENRHDAE. 

Trophosome: colony branching, rising from a reticulated hydro- 
rhiza ; perisarc distinct and variously annulated ; hydranth with trumpet- 
shaped hypostome (Fig. 150) and a single whorl of filiform tentacles. 
Gonosome: no free medusae; male sporosacs in a whorl just beneath, 
and the female sporosacs usually just above the tentacles and occasion- 
ally on the hydrocaulus : 1 genus. 

Ettdehdritxm Ehrenberg. With the characters of the family: about 
8 American species. 
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Key to the species of Eudenriidae here described : 

o, Colony large (8 to 15 cm. high). 

b x Branches annotated at their base only B. ramosum 

6, Branches completely annotated E. dispab 

a, Colony small (less than 3 cm. long) E. tenue 

E. ramosnm (L.) (Figs. 150 and 161). Colony profusely branched, 
10 to 15 cm. high, with symmetrical branches; tentacles about 20; male 
sporosacs reddish and in moniliform clusters; female sporosacs orange 
and pyriform: abundant on piles, rocks, etc., in shallow water from 
North Carolina to Labrador; Pacific Coast; Europe. 

E. dispar Agassiz. Colony less profusely branched than above, 





Fig. 161 Fig. 162 

Fig. 161 — Eudendrium ramosum (from Hargitt). Fig. 162 — Hydractinia echinata 
(McMunich). 1, feeding hydranth; 2, defensive 
hydranth ; 3, reproductive hydranth. 

6 to 10 cm. high; tentacles about 28; sexes distinct: in deeper water 
from Vineyard Sound to Bay of Fundy. 

E. tenue A. Agassiz. Colony irregularly branched, 25 mm. in height; 
male sporosacs moniliform and pink; female sporosacs orange and scat- 
tered over the hydrocaulus: on seaweed, etc., in shallow water from 
Buzzard's Bay to Bay of Fundy; not abundant. 

Family 5. HYDRACTINIIDAE. 

Trophosome: colony incrusting, the polyps rising separately from 
an incrusted, spiny hydrorhiza to which the perisarc is confined, and 
polymorphic, consisting of 3 types of individuals: (1) feeding hydranths, 
which have a single whorl of tentacles; (2) reproductive individuals, 
bearing clusters of sporosacs; and (3) defensive individuals usually 
without tentacles but with numerous nematocysts at the apex. Gono- 
some: sporosacs and no free medusae present: 1 genus. 
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HYDBAOTZiaA Van Beneden. With the characters of the family: 
2 American species. 

H. echinata Fleming (Fig. 162). Colony 10 mm. high; reproductive 
individuals without tentacles: usually on the shells of hermit crabs but 
also on stones, fucus, piles, etc.; very common on Atlantic coast; Europe. 

H. milleri Torrey. Colony 5 mm. high; reproductive individuals 
with tentacles: California. 

Family 6. PODOCOBYNIDAE. 

Trophosome: like that of Hydractiniidae. Gonosome: free medusae 
present, each with 4 radial canals and 4 or 8 or more marginal tentacles: 
several genera. 

Key to the genera of Podocorynidae here described: 
o, Medusa with long tentacles, hydroid on Limulus, shells of hermit crabs, 

etc 1. PODOOORYNE 

a % Marginal tentacles of medusa rudimentary ; hydroid on Nassa. . .2. Stylactis 

1. Podoookyne Sars. Trophosome: like Hydr actinia. Gonosome: 
medusa globular with 8 or more rather thick tentacles: 11 species. 

P. carnea Sars (Fig. 163). Medusa very transparent, 3 mm. high, 
with 4 marginal tentacles in the young and 24 to 32 in the adult; 

manubrium reddish with 4 oral tentacles: 
hydroid on Limulus, crabs, rocks, etc. 

P. fnlgnrans (A. Agassiz). Medusa 1 
mm. high, hemispherical, with 8 marginal and 
4 oral tentacles; manubrium buds off young 
medusae: North Carolina to Massachusetts 
Bay ; common ; often brightly phosphorescent. 
2. Stylactis Allman. Trophosome: col- 
ony consisting of very long, slender hydranths 
rising from a reticular base. Gonosome: a 
sporosac in the European species, but in the 
nea (Mayer)? 1 * Car American a medusa with rudimentary ten- 
tacles: several species, 2 American. 
S. hooperi Sigerfoos. Hydranths 20 mm. long with 18 to 25 ten- 
tacles; medusa globular, 1 mm. in height with 8 rudimentary, marginal 
and no oral tentacles and borne on specialized hydranths, just below the 
tentacles; no ocelli: Long Island and Vineyard Sounds, on Nassa 
obsoleta. 

Family 7. PENNABIIDAE. 

Trophosome: colony regularly branching; hydranth with a basal 
whorl of 10 to 12 filiform tentacles and also a number of short knobbed 
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tentacles on the hypostome. Gonosome: either a free or a sessile 
medusa with 4 radiating canals and 4 rudimentary tentacles: about 7 
genera. 

Psvhabia Oken. With the characters of the family: about 6 
species. 

P. tiarella (Ayres) (Fig. 164). The bright pink hydroid colony 
may be 15 cm. in height, and is attached to piles, rocks, or seaweed in 
shallow water; medusoid buds on the side of the hydranth; medusa 





Fig. 164 



Fig. 165 



Fig. 164 — Pennaria tiarella; a hydranth with a medusoid bud (Hargltt). Fig. 165 — 
Pennaria tiarella; a male (A) and a female (B) medusa (Ilargitt). 

(Fig. 165) an elongated bell about 2 mm. long with 4 rudimentary ten- 
tacles; the medusa is free-swimming chiefly during midsummer, the 
greater part of the year it is more or less sessile: common from Maine 
to Florida. 

Family 8. COBYMOBPHIDAE. 

Trophosome: hydranths solitary and 
of large size with a basal and several 
distal whorls of filiform tentacles; me- 
dusae produced just within the basal 
tentacles. Gonosome: free medusae with 
4 radial canals and 1 to 4 marginal ten- 
tacles, one of which is longer than the 
rest: several genera. 

1. OORTXOBFHA Sars. Large soli- 
tary polyps with a soft striated outer 
surface and no well-defined perisarc, 
rooted by filamentous processes : 5 species. 

0. pendula Agassiz (Fig. 166). 
Polyp pendant, 3 to 10 cm. high and 
bright pink; medusa bell-shaped with a projection at the apex, with 
1 large and 1 to 3 rudimentary marginal tentacles; manubrium extends 




Fig. 166 — Corymorpha pendula 
(Agassiz). . 
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to the velum; length 6 mm.: common from Vineyard Sound to Gulf of 
St. Lawrence in 8 to 30 fathoms. 

2. Hybooodov Agassiz. Trophosome: polyp large, solitary, with a 
well-defined perisarc and hydrorhiza; hydranth with a basal and 2 distal 
whorls of filiform tentacles; just within the base of the former medusae 
are budded off: 2 species. 

H. prolifer Agassiz (Fig. 167). Orange-colored hydroids 4 cm. high, 
with longitudinally striated perisarc which is annulated just below the 
hydranth; medusa hemispherical and asymmetrical, with 5 medidional 
orange-colored bands at maturity and with 1 to 3 long marginal ten- 
tacles, from the thick base of which secondary medusae bud : on rocks in 
clear water from Vineyard Sound to Massachusetts Bay; not common. 

3. Eotopleuka Agassiz. Trophosome : hydroid like Tubularia, being 
indistinguishable when without gonophores. Gonosome: free medusae. 






Fig. 167 Fig. 108 Fig. 169 

Fig. 167 — Hybocodon prolifer (Mayer). Fig. 168 — Ectopleurn ochracea (Hargitt). 
Fig. 169 — Turritopaia nutricula (Mayer). 

rather elongate, with 2 or 4 tentacles from the base of which lines of 
nematocysts extend on the surface of the bell to its apex : 3 species. 

E. ochracea A. Agassiz (Fig. 168). Medusa about 3 mm. in height 
with a large manubrium and 8 longitudinal bands of nematocysts on 
exumbrella: Cape Cod to South Carolina; common. 

Family 9. DENDBOCLAVIDAE. 

Trophosome: colony branching, with an elongate hydranth at the 
end of each branch bearing 18 to 20 short filiform tentacles scat- 
tered over it. Gonosome: a free-swimming medusa produced below 
the hydranth: 2 genera. 

1. Txteritopsis McCrady. Hydroid form as above; medusa hemi- 
spherical, with 8 to 70 equidistant tentacles; 4 reddish gonads: 1 species. 

T. nutricula McCrady (Fig. 169). Medusa 4 to 5 mm. in diameter: 
Cape Cod to Florida; often common. 
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Family 10. TUBULABIIDAE. 

Trophosome : polyps solitary or colonial, of large size and bright 
pink in color; hydranths with a basal and a distal whorl of filiform ten- 
tacles. Gonosome: medusoids remain attached to the polyp, being sus- 
pended from long-branched stalks above the basal tentacles and varying 
in form from sporosacs to perfect medusae ; no free medusae ; the female 
medusoids produce peculiar free-swimming hydroid-like bodies called 
actinules: 1 genus. 

Tttbttlabia L. With the characters of the family : about 20 species. 

Key to the species of Tubularia here described : 

a, Polyps unbranched, in groups of 4 to 8; medusoids with distinct radial 

canals T. couthouyi 

o, Polyps branched ; often no distinct radial canals in medusoids. 

6, Hydranth with collar T. larynx 

6, No collar present, 
c, Hydranth large ; often in muddy water. 

a\ Sporosac with conical apical process T. spectabilis 

a\ Female sporosac with flattened apical process T. cbocea 

c, Hydranth small ; often in clear water T. tenella 

T. couthouyi Agassiz (Fig. 170). 
Individuals unbranched, 7 to 15 cm. 
high; hydranth often expanding 20 
mm. or more, with a basal whorl of 30 
to 40 tentacles ; medusoid with distinct 
radial canals: on sandy bottoms in 
shallow or brackish water, in clusters 
of 5 to 10 individuals; New England 
coast. 

T. larynx Ellis and Solander. In- 
dividuals somewhat branched and ex- 
tensively annulated and living in clus- 
ters, 2 to 5 cm. high; a collar-like 
expansion just below hydranth, the 
latter with 16 to 20 basal tentacles; 
female medusoid with a conical apical process and no distinct radial 
canals: in shallow water from Cape Cod northwards; California; Europe; 
on rocky and shelly bottoms. 

T. spectabilis (Ag.). Colony irregularly branched, sparsely annu- 
lated, and 8 to 10 cm. high, growing in a tangled mass; 20 basal ten- - 
tacles: in shallow water from Rhode Island to Bay of Fundy. 

T. tenella (Ag.). Colony 25 to 40 mm. high and like preceding 
form but more loosely branched: in tide pools and the open ocean; 
Massachusetts Bay to Bay of Fundy. 




Fig. 170 — Tubularia couthouyi 
(Agassiz). 
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Fig. ni—Tubularia orocea (Agassis). 
B, a single hydranth. 



A, a colony; 



T. (Parypha Ag.) 
crocea (Ag.) (Fig. 171). 
Colonies growing in dense 
tufts of long tangled 
stems of from 8 to 10 cm. 
in height ; sparingly 
branched ; basal tentacles 
20 to 24 ; apical process of 
the female sporosac flat- 
tened: common on piles, 
docks, etc., in shallow 
water from Boston south- 
wards; California, 



Order 4. GAHPANULARIAE.* (Calyptoblastea; Leptomedusae.) 

Colonial hydromedusans with two kinds of polyps (Fig. 172), the 
hydranths or the nutritutive polyps and the blastostyles or the reproduc- 
tive polyps. The perisarc does not end at the base of the polyp, as in 
the tubularians, but continues over it, forming, in the case of the 

hydranth a protective cup called the hydro- 
theca and in the case of the blastostyle a 
cylindrical capsule called a gonangium or a 
gonotheca. In some species the open end of 
the hydrotheca may be closed by projections 
or valves which form an operculum (Fig. 
173); in some species also the blastostyle 
projects out of the mouth of the gonangium 
and forms a large cap- 
sule or brood chamber 
in which the eggs de- 
velop, called the aero- 
cyst (Fig. 178). The 
hydranth has never 
more than a single 
whorl of tentacles and 
can in most cases be 
retracted within its 
hydrotheca or extended 
beyond it. The blastostyle cannot usually be extended beyond its 
gonangium and produces within it the gonophores; these constitute 

• See "The Leptomedusae of the San Diego Region," by H. B. Torrey, UnL of 
Cal. Pub., VoL 6, p. 11. 





Fig. 172 — A campanularlan 
hydroid (from Hegner). 1, 
hydranth ; 2, hydrotheca ; 3, 
blastostyle ; 4, gonangium. 



Campanularlan oper- 
cula (Nutting). A, 

two-valved operculum ; 

B, one-valved opercu- 
lum. 
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the medusoid generation and may either be liberated as free medusae, 
or, remaining in the gonangium, produce the sexual products there, 
which escape from the gonangium as free larvae. The medusae 
(Fig. 191) are known as Leptomedusae and (except in the Thauman- 
tUdae) have lithocysts and not ocelli as sense organs: they bear the 
gonads beneath the radial canals on the subumbrella: about 8 families. 
Key to the families of Campanulariae here described : 

A. THE HYDBOIDS. 

a, Hydrotheca sessile, t. e., not joined to the stem by a stalk ; gonangium contains 
sporosacs. 
fc, Hydrothecae in 2 rows (except HydraUmania) either opposite to each other 

on the stem or not 1. Sebtulariidae 

6, Hydrothecae in a single row on the stem 2. Plumulariidae 

o, Hydrotheca stalked and bell-shaped. 

&! The gonophores are sporosacs 3. Campanulariidab 

6, The gonophores are medusae ; hydroid forms very little known except in the 
genera Obelia, Clytia, and Laodicea. 

4. EUCOPIDAE. 5. ,A2QUOBEIDAE. 6. THAUMANTHDAB 

B. THE MEDUSAE. 

The 1st, 2nd, and 3d families produce only sporosacs and no free medusae. 

a, Four simple radial canals; lithocysts and no ocelli present 4. Eucopidae 

a, Radial canals numerous (8-100) 5. JESquobeidae 

a, Radial canals 4 or 8; ocelli present and no lithocysts .. 6. Thaumanthuae 

Family 1. SEBTULARIIDAE.* 

Trophosome: colony usually branching; hydrothecae sessile (not 
stalked), almost all with opercula (Fig. 173) and forming two rows 
along opposite sides of the hydrocaulus (except HydraUmania). Gono- 
some: gonangia much larger than the hydrothecae, there being only a 
few in the colony, and occurring only at certain times of the year; each 
gonangium contains a blastostyle which produces planulae; no free 
medusae: about 15 genera and 135 American species. 

Key to the genera of Seriulariidae here described: 

Ox Hydrothecae in two rows. 
6, Hydrothecae exactly opposite each other. 

Ct Operculum in 2 pieces (Fig. 173, A) 1. Sebtularia 

c, Operculum in 1 piece (Fig. 173, B) 3. Diphasia 

6, Hydrothecae alternate or subalternate to each other, 
c, Hydrothecae stand out from the stem. 
d\ Hydrotheca with toothed margin ; operculum of 3 or 4 pieces. 

2. Sertulabella 
d, Hydrotheca with smooth margin ; operculum of one piece. .4. Abietinabia 

c, Hydrothecae closely pressed against the stem 5. Thuiaria 

a, Hydrothecae in one row, the openings turning alternately to the right and 
left 6. Hydballmania 

• See "American Hydrolds, Part II, The Sertularidae," by C. C. Nutting, U. S. 
Nat. If us. Spec. Bull., No. 4, 1904. 
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1. Sebtttla&ia L. Hydrothecae in pains along the stem, the mem- 
bers of a pair being exactly opposite each other; operculum paired 
(Fig. 173, A) ; gonangia have plain margins and are of simple form : about 
20 American species. 

8. pumila L. (Fig. 174). A simple or more or less branched colony 
1 to 5 cm. high attached by a creeping hydrorhiza, the stem being divided 

into short internodes, each bearing a pair 
of hydrothecae; gonangia oval, sessile and 

F often bearing acrocysts, the male gonan- 
gium being somewhat more slender than the 
female: common on fucus, etc., between tide 
lines, from New Jersey to the Arctic Ocean ; 
California; Europe. 
As 2. 8bbtut.arkt.la Gray. Similar to 

Fig. i74_ sertularia pumila preceding genus, but differs from it in that 
aS^.^Snm. the hydrothecae are alternate on the hy- 

drocaulus and not opposite, and possess a 
prominent operculum composed of several pieces; gonangium usually 
deeply annulated: about 50 American species. 

Key to the species of Sertularia here described : 
a, Margin of hydrotheca with 4 slight teeth. 
6» Hydrotheca annulated. 

Cj Annnlations only on upper side S. gayi 

c, Annulation complete S. buoosa 

b t Hydrotheca smooth S. polyzonias 

a, Margin of hydrotheca with 3 teeth S. tricuspidata 

8. rngosa (L.) (Fig. 175). A small colony 2 cm. high, either un- 
branched or little branched and with annulated stem; hydrothecae 
crowded, annulated and with 4 marginal teeth ; gonangia 
large, annulated and with four-toothed aperture: New 
England coast; Puget Sound; Europe. 

8. gayi (Lamouroux). Colony attaining a height of 
15 cm. and with paired or alternate branches; hydrothe- 
cae wrinkled or partially annulated and with a four- 
toothed aperture; gonangia elongate, ovate, tapering 
towards both ends, annulated in upper portion : Atlantic 
coast; Europe. sertularia 

8. polyioniaa (L.). Irregularly branching colony cki** ?? ) 
attaining a height of 12 cm. ; hydrotheca smooth, with 4 
teeth; gonangium deeply annulated and with 4 teeth: Atlantic and 
Pacific coast; cosmopolitan; common. 

8. tricuspidata (Alder). Colony 12 cm. high or less and slender 
with alternate branches; hydrotheca smooth, with 3 teeth; gonangium 
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Fi g< nfr—Dipharta fair 
law (Hargltt). 



with deep simulations and a bowl-shaped orifice: New England coast; 
common; north Pacific coast; Europe. 

3. Dxfkasia Agassiz. Colony more or less branching, jointed, the 
hydrothecae in pairs opposite each other and standing out from the 
stem; a single operculum present (Fig. 173, B) ; 
gonangia dimorphic, the female being the larger 
and often annulated, and with a brood pouch in 
its distal half, the male with a central tubular 
orifice and 4 spines: 10 American species. 

D. fallal (Johnston) (Fig. 176). Colony 
about 8 cm. high, with simple branching, the 
ends of the branches being often tendril-like; 
gonangia elongate ; female gonangia oval, deeply 
cleft into 4 segments: Massachusetts Bay to 
Bay of Fundy; Europe. 

D. rosacea (L.). Colony delicate, about 8 
cm. high, branching alternately ; gonangium with 
longitudinal ridges terminating, in the male, in 
the teeth which surround the orifice: northerly 
New England coast; Europe; common. 

4. Abiitxvabia Kirchenpauer. Hydrothecae flask- 
shaped and alternate or subalternate with operculum of 
one piece on the side next to the stem and with smooth 
margin: 16 species. 

A. abietina (L.) Sea-fir (Fig. 177). Colony large and 
bushy, being sometimes 30 cm. high or more, with alter- 
nate branching, with very large hydrothecae and relatively 
small gonangia: from Vineyard Sound to Labrador; north 
Pacific; Europe. 
5. Tkuxaua Fleming. Hydrothecae alternat- 
ing with each other, more than a pair to an inter- 
node and closely applied to the stem, which is 
jointed: 20 species. 

T. thuja (L.). Colony very rigid, sometimes 
25 cm. in height, zigzag in shape and annulated 
near the base; perisarc very dark in color; gonan- 
gia smooth and pyriform: in shallow water on 
northerly New England coast; Pacific coast; 
Europe. 

T. argentea (L.) (Fig. 178). A large bushy colony, often 20 or 30 
cm. high, branching alternately or dichotomoualy; gonangia broad, taper- 
ing towards the base, with a circular aperture and usually 2 spines : very 




Fig. 177 

Abietinaria 

abietina 

(Kingsley). 




Pig. 178— Thuiaria ar- 
gentea (Kingsley). g, 
gonangium ; a, aero- 
cyst 
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common; New Jersey to the Arctic Ocean from low-water mark to 100 
fathoms, usually in rather deep water; Pacific coast; Europe. 

T. cupressina (L.). A slender, elongated 
colony, often 20 cm. high, branching alter- 
nately and dichotomously; gonangia elongate 
with a prominent spine at each side of the 
aperture: same habitat as the preceding but 
less abundant. 

6. Hydeallmahia Hincks. Hydrothecae 
in a single row projecting out from the 
hydrocaulus alternately to the right and the 
left; colony pinnately branching: 3 species. 

H. falcata (L.) (Fig. 179). Colony often 
30 cm. high, slender, rather rigid and with 
simple branching; on each branch the second- 
ary branches are very regular and feather-like; 
gonangia ovate and simple: on stones, shells, 
etc., on New England coast and in Long Island 
Sound; Puget Sound; Europe. * 




Fig. 179 — Hydrattmanla 
falcata (Hargitt). A, col 



ony ; B, branch 
drantbs. 



with hy- 



Pamilt 2. PLUMULAEIIDAE. # 

Trophosome: usually a branched colony with sessile hydranths, 
which are borne in a row on small branches called hydrocladia (Fig. 180) ; 
between the hydranths and on the main stem and branches are nemato- 
phores, small specialized defensive polyps, each of which consists of a 
hydrotheca and an elongated body armed with nematocysts. Gonosome: 
gonangia large, the blastostyles producing planulae and never medusae: 
about 43 genera and over 300 species, being a quarter of all known 
hydroids; about 100 species occur along the Atlantic coast and in the 
West Indies. 

Key to the genera of Plumulariidae here described: 

o\ Gonangia not protected by special branchlets; nematophores trumpet-shaped 
and movable. 
bt Hydrocladia do not branch. 
d Colony not dichotomously branched; the hydrocladia arranged in whorls 

or scattered along the stem 1. Antennularia 

c, Branching dichotomous ; hydrocladia all arise from the upper side of 

branches .2. Monost^chas 

o t Hydrocladia forked 3. Schizotricha 

a, Gonangia protected by special branchlets; nematophores immovable. 

4. Cladocarpus 

• See "American Hydroids, Part I, The Plumularidae," by C. C. Nutting, U. 8. 
Nat Mus. Spec. Bull. No. 4, 1000. 
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1. AtfTEHinrLABlA Lamarck. Main stem of colony simple or 
sparsely branched and attached by a massive hydrorhiza; hydrotheca cup- 
shaped; gonangia borne in the axils of the branches: 6 American 
species. 

A. antennina (L.) (Fig. 180). Colony a dense cluster of upright 
stems, often 20 cm. high, obscurely jointed, each internode bearing a 
whorl of fine branches (hy- 
drocladia) on which are the 
hydranths and the nemato- 
phores; gonangia ovate and 
of large size, in the axils of 
the hydrocladia: from Mar- 
tha's Vineyard to Bay of 
Fundy in 6 to 60 fathoms; 
Europe. 

2. MovosTJiOHAB All- 
man. Colony branching 
dichotomously and attaining a height of 15 cm.; hydrocladia spring- 
ing all from the upper side of the main branches: 1 American 
species. 

M. quadridens (McCrady). From Martha's Vineyard southwards. 

3. Sohizotbicha Allman. Colony usually a cluster of simple stems; 
hydrocladia arranged pinnately and branched in mature specimens: 
4 American species. 

S. tenella (Verrill). Colony branching dichotomously and attain- 
ing a height of 5 cm. ; stem divided alternately into longer and shorter 




Fig. 180 — Antennularia antennina (Nutting). 1, 

hydranth ; 2, nematophore ; 3, gonangium ; 

4, hydrocladium. 





Fig. 181 



Fig. 182 



Fig. 183 



Fig. 181— Bchigotricha graoUUma (Nutting). Fig. 182— Cladooarpus fleaiUs (Nut- 
ting). Fig. 183— Holecium halecinum (Hargitt). 

internodes, the latter bearing each a hydrocladium; gonangium cornu- 
copia-shaped : Long Island and Vineyard Sounds, in shallow water, often 
on piles. 
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8. gratillima (G. O. Sara) (Fig. 181). Colony about 5 cm. high; 
branches divided into regular internodes, each bearing a hydrocladium : 
New England coast; Europe. 

4. Oladooabfto Allman. Colony usually branched; hydrocladia 
not branched; gonangia borne on the stem at the base of the hydrocladia 
and protected by special branchlets armed with nematophores : 15 
American species. 

0. flexHis Verrill (Fig. 182). Colony up to 20 cm. long and slender; 
hydrotheca long and cylindrical, lying close to the hydrocladium; pro- 
tecting branchlets of the gonangia branched like deer's horns: in moder- 
ately deep water along the Atlantic coast; common. 

Family 3. CAMPANULABIIDAE. 

Trophosome: either a branched or simple colony on which are bell- 
shaped and usually stalked hydrothecae; hypostome trumpet-shaped. 
Gonosome: gonangium large, the blastostyle producing planulae and 
never free medusae : about 33 genera. 

Key to the genera of Campanulariidae here described: 

Oj Hydrotheca rudimentary, the hydranth not being entirely retracted 

into it 1. Halecium 

(^Hydrotheca not rudimentary. 
&! Blastostyle does not project from the gonangium. 
Cx Stem not completely annulated. 

dt Gonanginm without acrocyst, colony not parasitic 2. Campanulabia 

d, Gonangium with acrocyst; colony parasitic on other hydroids, etc. 

3. Calycella 

c, Stem completely anno la ted 4. Opebculabella 

b t Blastostyle projects from the gonangium 5. Gonothybea 

1. HALEonnc Oken. Branching colonies with creeping hydrorhiza; 
the hydrothecae are more or less rudimentary, being shallow and 
disc-like or funnel-shaped, the margin often with a circle of dots, 
into which the hydranths can be only partially retracted: numerous 
species. 

H. halecinum (L.) (Fig. 183). Colony 10 to 20 cm. high, rigid; 
hydrothecae alternate on the stem, cylindrical, often annulated; gonan- 
gia appear in a row, the male gonangium slender and club-shaped, the 
female rather irregular in shape with broad distal end and a terminal 
aperture: New Jersey to Labrador; in shallow water; Puget Sound to 
Alaska; Europe. 

2. Oaxpavulabia Lamourouz. Colony either branched or simple, 
with bell-shaped hydrothecae, which are without operculum, and with 
or without marginal teeth: many species. 
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Key to the species of Campanularia here described : 

o, Colony not branched, the hydranths rising separately from hydrorhiza. 

6s Margin of aperture of hydrotheca not toothed C. poteetum 

6, Margin toothed. 

c, Teeth square at top G. hixckbi 

c, Teeth very shallow, the margin being sinuous G. volubujb 

a. Colony branched. 

6 t Colony large, over 10 cm. high. 

Cx Margin of aperture toothed. C. vebxicillata 

Ot Margin of aperture not toothed C. amphora 

6, Colony small, under 3 cm. high G. flexuosa 

0. poterinm (Agassiz). Colony unbranched, with the hydranths at 
the end of long, completely annulated stalks, which rise separately from 
the hydrorhiza; aperture of hydrotheca not toothed; 
hydranth with 24 tentacles; gonangia slender and ovate, 
rising from the hydrorhiza: Vineyard Sound to Labrador; 
low-water mark to 30 fathoms, common on seaweed; 
Europe. 

0. hincksi Alder (Fig. 184). Colony unbranched, the 
hydranths at the end of long and partially annulated 
stalks which rise separately from the hydrorhiza; aper- 
ture of hydrotheca with 12 square-topped teeth; gonangia 
on short stalks and annulated: from Vineyard Sound to 
Maine, on stones and shells; southern California; Europe. 
0. volubilis (L.). Colony unbranched, the hydranths 
at the end of long completely annulated stalks which rise separately 
from the hydrorhiza ; aperture of hydrotheca with 
10 shallow-rounded teeth; gonangia rise from the 
hydrorhiza: from Vineyard Sound to Greenland; 
low-water mark to 100 fathoms; common; Pacific 
coast; Europe. 

0. verticillata (L.). Colony branched, attain- 
ing a height of 12 cm. ; hydrothecae with a toothed 
aperture borne on long, partially annulated stalks 
which form whorls around the stem: Long Island 
Sound to Maine, in 4 to 45 fathoms; Alaska; 
Europe. 

0. amphora (Agassiz). Colony branched, 
attaining a height of 15 cm.; hydrothecae with 
untoothed aperture and with a swollen stalk; 
hydranth with 30 tentacles ; gonangia truncate : from Long Island Sound 
to Gulf of St. Lawrence; common. 

0. flexuosa (Hincks) (Fig. 185). Colony 25 mm. high, branched 
irregularly; stem annulated near the base of the branches; hydrothecae 



Campanu- 
laria hincksi 
(Klngiley). 




Fig. 185— Campanularia 
flmuosa (Hargitt). 
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yrith untoothed aperture and with annulated stalks; gonangia large: 
Long Island Sound to Labrador, on piles, etc., abundant towards the 
north; Europe. 

3. Oaltoella Hincks. Hydrorhiza parasitic on other hydroids, 
Bryozoa, etc., and sending forth short annulated stalks bearing elongate 
cylindrical hydrothecae which have opercula; gonangium oval, rising 
from the hydrorhiza and bearing a globular acrocyst. 

0. syringa (L.). Hydrotheca longer than 
its stalk: Long Island sound to Maine; com- 
mon; Pacific coast; Europe. 

4. Opsbottlabslla Hincks. Stem annu- 
lated throughout and sparsely branched or 
unbranched; hydrotheca with operculum; 
gonangium with acrocyst. 

O. lacerata Hincks. Hydrothecae with 
short stalks; segments of operculum very long 
and slender: Long Island Sound to Maine, on 
docks, etc. 

5. Oovothtbea Allman. Stem erect, ir- 
regularly branched, more or less annulated; 
hydrotheca bell-shaped, with toothed margin; 
the blastostyle produces fixed, medusiform 
sporosacs with radial canals and tentacles, which 
project out of the gonangia but are not free- 
swimming: several species. 

G. loveni Allman (Fig. 186). Stem 10 to 
15 mm. high; from the mature gonangium project 3 to 5 sporosacs: on 
shells, stones, etc., in shallow water from Long Island Sound to Maine; 
Europe. 

G. clarki Torrey. Similar to the above but without radial canals in 
the sporosacs; hydrotheca deep, with margin having 10 square-topped or 
bicuspid teeth: Pacific Coast from California to Alaska; often common 
in shallow water. 




Fig. 186— Gonotfcyreo 
loveni (Hargitt). 



Family 4. EUCOPIDAE. 

Trophosome: colonial, either branched or simple; hydrotheca bell- 
shaped and stalked, the margin of the aperture either toothed or not; 
gonangia large and usually in the axils of the branches. Gonosome: 
gonangium large, the blastostyle producing free medusae with lithocysts 
and usually without ocelli, with 4 radial canals, beneath which on the 
subumbrella are the gonads, there being as many gonads as radial 
canals: about 34 genera. 
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Key to the genera of Eucopidae here described (hydroid form well 
known in Obelia and Clytia alone) : 

a, Manubrium of medusa short; hydroid mostlj a branching colony. 
6,Medusa flat and disc-like; hydroid a branching colony; hydrotheca often 

without a toothed margin 1. Obelia 

b, Medusa bell-shaped or hemispherical, 
c, Medusa with no more than 16 marginal tentacles. 
d\ Medusa without cirri at the base of the tentacles; hydroid not or very 

sparsely branched ; hydrotheca with toothed margin 2. Clytia 

d\ Medusa with 4 or more tentacles, each of which has 2 basal cirri. 

4. Bucheilota 
c, Medusa with more than 16 tentacles. 

c^Orai lobes frilled 3. Tiabopsis 

rf, Oral lobes not frilled 5. Oceania 

a, Manubrium of medusa very long; hydroid mostly unknown. 

e* Tentacles 4 6. Euttma 

c, Tentacles of adult numerous 7. Tima 

1. Obelia Peron and Lesueur. Hydroid colony usually branched, 
the stem with annulations at the base of the branches and the hydranths; 
hydrotheca often with >. untoothed margin; gonangium 

with a small terminal ^Sfr a aperture, usually surrounded by 
a collar or neek; me- ^Kr c * usa more or * ess disc-shaped, 1 

to 6 mm. in diameter, jf \i with 12 or more marginal 

tentacles and 8 0V %0^jjk lithocysts, often swim- 

ming with everted ^^By J^**L ^ell: numerous species, 





A fB 

Fig. 187 — Obelia dichotoma (Mayer) 




A, entire colony; B, colony enlarged; 
medusa. 



C, 



the medusae of which can often not be distinguished from one 
another. 

O. commissuralis McCrady. Colony tree-like with long central trunk, 

15 to 20 cm. high, sparsely branched, the side branches springing out at 
right angles; hydrotheca not toothed; gonangia elongate; medusa with 

16 or more tentacles: on docks, algae, etc., from South Carolina to Bay 
of Fundy; common; California. 

O. dichotoma (L.) (Fig. 187). Colony rather small with a deep 
brown stem and a general tree-like appearance; branches zigzag; hydro- 
theca elongate without toothed margin; gonangia long and conical; 
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medusa with 16 tentacles at liberation: from South Carolina northwards; 
common on stones, seaweed, etc.; Pacific coast; Europe. 

O. geniculate (L.) (Fig. 188). Colony not more than 30 mm. high 

and consisting usually of a single zigzag stem bearing 

alternate hydranths on short annulated stalks ; gonan- 

gia borne in the angles of these stalks; medusa with 

24 tentacles at liberation: on docks, fucus, etc., from 

Long Island to Labrador; 

very common; California; 

cosmopolitan. 

O. gelatdnosa (Pallas). 

Colony tree-like, profusely 

branching and very large, 

being sometimes 25 cm. high 

or more, with central stems Fig. 18&—civUa Wco- 

(Mayer] 




Fig. 188 




Obelia geniculate 
(Hargltt). 



and zigzag branches; hydro- 



phora (Mayer). 



thecae small, with toothed margin; gonangia small; medusa with 16 
tentacles at time of liberation: on docks, seaweed, etc., in shallow water 
from New Jersey to Massachusetts Bay; very common; Puget Sound; 
Europe. 

2. Olttia Lamouroux. Hydroid colony sparsely branched or not 
at all, the hydranths being at the end of a usually long, more or less 
annulated stalk which rises from the hydrorhiza; hydrotheca with 
toothed margin; gonangia often annulated, on the hydrorhiza or the 
stem; medusa with 16 tentacles and 16 lithocysts: 8 species. 

0. bicophora Agassiz (Fig. 189). Colony about 10 mm. high; medusa 
5 mm. in diameter, hemispherical when liberated but later becoming 

more flattened; gonads brown, manubrium 
short, with 4 small oral lobes: from South 
Carolina to Arctic Ocean, on fucus, docks, 
etc., in shallow water; often common. 

3. Tiakopsis Agassiz. Hydroid form un- 
known; medusa hemispherical; marginal ten- 
tacles very numerous in adult; manubrium 
short with frilled mouth opening; 8 lithocysts 
above each of which is an ocellus: 6 species. 
T. diademate Agassiz (Fig. 190). Medusa 
15 mm. in diameter, with sloping sides; manubrium with 4 prominent 
lips: New England coast; often abundant. 

4. ExroHEiLOTA McCrady. Hydroid form unknown; medusa hemi- 
spherical; tentacles each with a pair of lateral cirri at its base: 6 
species. 




Pig. 190 — Tiaropsis Made- 
mat* (Mayer). 
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E. duodecimals A. Agassiz (Fig. 191). Tentacles 4, each with a pair 
of cirri at its base; diameter 2.5 mm.; manubrium very short: Cape Cod 
to Florida; often common. 

5. Oosavia Peron and Lesueur. Hydroid form mostly unknown; 
medusa hemispherical with 16 or more tentacles; lithocysts also numer- 
ous in adults, 2 being between each two marginal tentacles; gonads 






Fig. 191 



Fig. 102 



Fig. 193 



Fig. 191 — Eucheilota duodecimal (Mayer). Fig. 192 — Oceania languida (Hargitt). 
Fig. lQZ—Eutima mira (Hargitt). 



colored and borne along the outer half of radial canals: manubrium 
with 4 everted oral lobes: 6 species. 

0. languida A. Agassiz (Fig. 192). Gonads brownish or pink or 
green; tentacles 20 or more; diameter 20 mm.: from Bay of Fundy to 
Florida; often common. 

6. Euttma McCrady. Hydroid form unknown in most species; 
medusa bell-shaped with 4 or more tentacles and a very long manubrium 
extending far out of the bell; 8 lithocysts: 12 species. 

£. mira McCr. (Fig. 193). Medusa 2 cm. 
in diameter and half as high, with gonads ex- 
tending along almost the entire length of radial 
canals; tentacles 4 in number and very long, 
the base swollen and colored green: Florida to 
New England; very common at Woods Hole in 
August. 

7. Ttjca Eschscholtz. Hydroid form minute; 
medusa hemispherical with a long manubrium 
sometimes extending out of the bell, at the end 
of which are 4 frilled projections surrounding the 

mouth; tentacles numerous; gonads extending the length of the radial 
canals and the manubrium: 5 species. 

T. formosa Agassiz (Fig. 194). Diameter 4 to 8 cm.; gonads and 
oral lobes milk white: New England coast; often common, especially in 
the spring. 




Fig. 194 

Tima formosa (Har- 
gitt). 



Digitized by 



Google 



116 



CCSLENTERATA 




Fig. 195 — JEquorea tenuis (Mayer). 



Family 5. ^QUOREtDAE. 

Trophosome: mostly unknown. Gonosome: medusa often of large 
size and more or less disc-shaped, with from 8 to 100 radial canals; 
gonads usually ribbon-like; 8 or more lithocysts; 8 or more marginal 
tentacles: about 7 genera. 

Key to the genera of JEqyoreidae here described : 

o, Manubrium short. 

b x Radial canals 8 to 20 1. Halopsis 

6, Radial canals 16 to 100 2. JSquohea 

a, Manubrium large and long 3. Zygodacttla 

1. Halopsis A. Agassiz. Medusa disc-like in adult and hemispher- 
ical in youth; radial canals 12 to 20 in 4 groups; marginal lithocysts, 

tentacles and cirri numerous ; 
manubrium short with 4 oral 
lobes: 1 species. 

H. ocellata A. Ag. Di- 
ameter 7 cm.: New England 
coast; rare. 

2. JEquokka Peron and 
Lesueur. Hydroid form mi- 
nute and mostly unknown; 
medusa disc-shaped or hemispherical, with a short, wide manubrium 
and numerous radial canals, lithocysts, and tentacles: 10 species. 

A. (Rhegmatodes A. Agassiz) tenuis 
A. Ag. (Fig. 195). Radial canals 20 to 
40 with an equal number of gonads; ten- 
tacles numerous, long and slender, with a 
spur above the base of each; diameter 3 
to 10 cm.: Vineyard and Long Island 
Sounds; very irregular in its occurrence. 
A. albida (A. Ag.) Radial canals 
and tentacles 80 or more in number; 
above each tentacle is a spur; diameter 7 
cm.: New England coast. 

3. Zyoodactyla Brandt. Hydroid 
form unknown; medusa arched and with 
a large sac-like manubrium with exten- 
sive frilled oral lobes extending beyond 
the velum; subumbrella with rows of warts between the radial canals: 
1 species. 

Z. granlandica (Peron and Lesueur) (Fig. 196). The largest Amer- 
ican hydromedusan, measuring 12 cm. or more in diameter; radial canals 




Fig. 196 — Zygodactyla grwnlam- 
dioa (Mayer). 
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and tentacles 80 to 100 in number: Greenland to North Carolina, the 
southern variety being pink. 

Family 6. THAUMANTIIDAE. 

Trophosome: unknown in most genera. Gonosome: medusa ocel- 
late and without lithocysts, with a short manubrium and usually 4 to 8 
radial canals: about 14 genera. 

1. Milioxktux Oken. Hydroid form minute; medusa bell-shaped; 
8 radial canals and numerous long tentacles with ocelli at their base: 
4 species. 

M. campanula Agassiz. Color of medusa light ochre, tentacles and 
gonads darker; manubrium short with convoluted lobes; height and 

diameter 2 cm.: Cape Cod to Greenland, 
often abundant; Europe. 

2. Laodioea Lesson (Lafcea Lamou- 
roux). Hydroid an unbranched colony with 
*** 197 "IfiSSut? eaUjarata » filiform hydrorhiza; hydrothecae tubular; 

gonangia oblong, often forming encrusting 
masses around the stem; medusa hemispherical when young, but flatter 
as adult, with 4 radial canals and numerous tentacles, with basal cirri 
and ocelli: 6 species. 

L. calcarata A. Agassiz (Fig. 197). Hydroid form usually parasitic 
on sertularians ; medusa transparent with 2 tentacles at birth, but many 
later, which are quite rigid; manubrium short, with fluted sides; diam- 
eter 25 mm. : Massachusetts Bay to Florida. 



Order 5. TRACHOMEDUSAE. 

Trophosome: wanting in most forms, so far as known; where pres- 
ent, of minute size and allied apparently to the Tubulariae. Gonosome: 
free medusae, usually rather large, more or less bell-shaped, with a 
velum and 4, 6, or 8 radial canals, along which on the sub umbrella are 
the gonads ; manubrium usually long, often extending beyond the velum ; 
tentacles often very long and sometimes springing from the exumbrella; 
lithocysts with concretions of entodermal origin and either freely pro- 
jecting or enclosed in pockets; development apparently direct in most 
cases, without alternation of generations, the animals being essentially 
open-ocean animate, most of which are not bound to the shores by a 
hydroid generation, and where the latter is present it is apparently in a 
degenerate condition : 5 families and 80 species. 
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Key to the families of Trachomedusae here described : 

o, Radial canals 4 or 6. 

6i Gonads not plate-like, usually undulating 1. Petabidae 

b t Gonads plate-like. 3. Gebyoniidae 

a% Radial canals 8 2. Aglaubidae 

Family 1. PETASIDAE. 

Trophosome: minute and apparently rudimentary, so far as known, 
probably wanting in many cases. Gonosome: medusa with 4 or 6 radial 
canals; gonads elongate and much folded or sac-like; tentacles either 




Fig. 198 — Oonionemut murbachi. A, hydroid (Perkins) ; B, medusa (Mayer). 

with or without a pad-like cluster of modified nettle cells near the distal 
end for purposes of adhesion ; manubrium short : about 14 genera. 

1. GONIOVEXUS.* A. Agassiz. Trophosome : minute, so far as known. 
Gonosome : medusa with 4 radial canals, along the entire length of which 
the sinuous gonads extend; adhesive pad near the extremity of each 
tentacle; numerous lithocysts present: 7 species; cosmopolitan. 

G. murbachi Mayer (Fig. 198). Trophosome: solitary hydra-like 
individuals 1 mm. high with 4 tentacles. Gonosome: medusa 20 mm. in 
diameter and half as high; marginal tentacles from 16 to 80, long and 
stiff and green at the base; gonads brown; manubrium short with 4 
frilled oral lobes: Vineyard and Long Island Sounds. 

G. vertens A. Ag. Similar to the above, but higher than wide: 
Pacific coast from Washington to Alaska. 

2. MlCROHYDRAf Potts. Trophosome: a minute hydroid without 
tentacles and solitary, but multiplying by lateral budding. Gonosome: a 

• See 'The Development of Gontonema murbachli," by H. F. Perkins, Proc. Acad. 
Nat Set., 1902, p. 750. 

t See "On the Medusa of Mlcrohydra," etc., by Edward Potts, Quart Jour. Mic. 
Sci., Vol. 50, p. 623, 1906. "Mlcrohydra in 1907," Proc. Delaware Co. Inst., Vol. 3, p. 
89. 1908. 
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medusa which buds from the hydroid, bell-shaped, with 4 radial canals 
and 8 tentacles: 1 species, in fresh water. 

M. ryderi Potts (Fig. 199). Hydroid cylindrical, with a crown of 
nematocysts around the mouth, .5 mm. 
long, often branched near the base 
into two equal individuals; medusa .3 
mm. high and .4 mm. wide at birth; 
no sense organs or gonads observed: 
on stones in rapid streams in Phila- 
delphia; Germany. 

3. G&abfedaousta Lankester 
(IAmnocodium Allman). Trophosome: 
minute, without tentacles. Gonosome: 
disc-like medusa with 4 radial canals; 
tentacles numerous, of several dif- 
ferent lengths; lithocysts numerous; 
manubrium long: 2 species; distribu- 
tion world-wide. 

0. sowerbi* Lank. (Fig. 200). 
Diameter about 12 mm.; gonads 4, 

suspended from the radial canals, greenish in color; oral lobes, large, 

crenulated, greenish; bell translucent 
with a faint bluish tint ; 4 long, about 
28 shorter and 192 shortest tentacles: 
in a fresh-water aquarium in Wash- 
ington containing tropical water lilies; 
also in similar places in London, Mu- 
nich, and Lyons; probably introduced 
from South America. 




Fig. 199 — Microhydra ryderi (Potts). 
A, hydroid; B, medusa. 



'A • 

1 






* 

5. 







Fig. 200 — Cra*pedacu*ta sowerbi 
(from Mayer). 



Family 2. AGLAURIDAE. 

Trophosome: wanting. Gonosome: 
medusa with 8 radial canals, free 
lithocysts and gonads in berry-like 
masses and numerous tentacles: 5 
genera. 
Key to the genera of Aglauridae here described : 
o, Gonads 8. 

6, Gonads borne on manubrium 1. Aglauba 

6, Gonads borne on radial canals 2. Aglantha 

o. Gonads 2 3. Pebsa 

• See "Occurrence of Fresh-water Medusa, Llmnocodium, In the United States/' 
by C. W. Hargitt, Biol. Bull., Vol. 14, p. 304, 1908. 
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1. Aglatoa Peron and Lesueur. Gonads 8, on manubrium ; 8 litho- 
cysts: 1 species. 

A. hemistoma Per. and Les. Medusa cylindrical or octagonal, 4 mm. 
high, truncated above, transparent; radial canals 
8; tentacles numerous, very short; 18 finger-like 
gonads suspended from the manubrium: cosmo- 
politan. 

2. Aqlavtka Haeckel. Gonads 8, on subum- 
brella: 3 species. 

A. digitalis (0. F. Muller) (Fig. 201). Me- 
dusa elongate, miter-shaped, 30 mm. high and 15 
mm. wide, with 8 radial canals, pinkish and trans- 
parent; tentacles numerous; gonads elongate and 
suspended from the upper end of the subumbrella; 
mouth with 4 everted lips: North Atlantic; often 
common on the New England coast. 

3. Persa McCrady. But 2 gonads present, 
which are thick and elongate and on opposite sides of the umbrella; 
8 lithocysts; numerous tentacles: 1 species. 

P. incolorata McCr. Bell thimble-shaped and colorless; gonads 
yellowish; tentacles long and brittle and easily broken off; 3 mm. high 
and half as wide: coasts of North and South Carolina; rare. 




Family 3. OERYONIIDAE. 

Trophosome: wanting. Gonosome: medusa 
hemispherical; manubrium very long; 6 or 8 en- 
closed lithocysts; radial canals 4 or 6; gonads plate- 
like : 2 genera. 

Likiope Lesson. Manubrium extending far 
beyond the velum and with a square mouth; 4 
radial canals, between each pair of which are 1 
to 3 centripetal (i.e., extending from the circular 
canal upwards) canals, and 4 to 12 tentacles: 20 
species. 

L. exigna (Quoy and Gaimard) (Fig. 202). 
Bell hemispherical, 20 mm. wide: Gulf Stream; 
Mediterranean; occasionally on the New England 
coast. 

Order 6. NARCOMEDTJSAE. 




Fig. 202 
LArlope ewigua 



[ope eon? 
Mayer). 



Trophosome: wanting, so far as known, development being direct, 
the animals living in the open ocean. Gonosome: medusa with lobed 
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margin; tentacles stiff and extending from the exumbrella; gonads on the 
subumbrella ; gastrovascular cavity a wide central space, either circular 
in outline or with radial pouches or canals extending outwards; ring 
canal follows the marginal lobes but is often absent; lithocysts free 
and often projecting, with entodermal concretions; a thickened ecto- 
dermal ring is at the edge of the umbrella with prolongations called 
peronia extending to the base of the tentacles, and often others also, 
called otoporpae, extending upwards from the base of the lithocysts: 
2 families and 50 species, of which a few are found along our coast. 

Family ^GINIDAE. 

Radial pouches of gastrovascular space present : 11 genera. 

1. GmroCTAJTTHA Haeckel. Tentacles, marginal lobes, and radial 
pouches 8; otoporpae present; the larvae live parasitically in the bell 
of the mother or some other medusa where they bud off new larvae from 
a stolon-like prolongation of the apical 

end of the umbrella: 5 species. 

0. octonaria McCrady (Fig. 203). 
Diameter 7 mm. ; manubrium cone-shaped 
with 4 lips: common at Beaufort, North 
Carolina, the larvae infesting Turritopsis 
nutricula; cosmopolitan. ™* "'^{SSSS* °° t0naria 

2. Otoxva Eschscholtz. Tentacles 

and radial canals 9 to 24; the larvae live parasitically in the bell of the 
mother or some other medusa: 10 species. 

0. lativentris Gegenbaur. Medusa flat, transparent, about 16 mm. in 
diameter; tentacles, marginal lobes, and stomach pouches 10 to 12; litho- 
cysts on each lobe 4: Atlantic Ocean and Mediterranean Sea. 

Order 7. SIPHONOPHORA.* 

Free-swimming, colonial Hydromedusae. The individuals forming a 
colony are in a high degree polymorphic, there being several orders of 
individuals all of which are in communication with one another by means 
of the common gastrovascular space. Each order performs a distinct 
function in the colony, the division of labor being similar to that which 
obtains among the various organs of the body of one of the higher animals. 
Two general types of structure are met with among the Siphonophora, In 
one (Fig. 204) the various individuals bud off from a long axial tube, 

• 8ee "The Slphonophorae of the Challenger," by B. Haeckel, Challenger 
Report*, Vol. 28, 1888. 
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the upper end of which is expanded to form a float called the pneumato- 
phore which contains air or a gas and serves to keep the colony right 
side up in the water: in the other type (Fig. 205) no such axial tube 
is present, the various individuals budding off from the under side of 
the enormously enlarged float. By far the greater 
number of siphonophores are of the first type. The 
individuals budding off from the axis immediately 
back of the pneumatophore are swimming individ- 
uals or nectophores; these are present in pairs, and 
each has the form of a hydrozoan medusa without 
the manubrium. Following the nectophores at in- 
tervals on the axis are similar groups of individuals, 
each group consisting usually of (1) the bract, a 
flat, scale-like protective individual; (2) a club- 
shaped palp; (3) a nutritive individual or gastro- 
zooid, which is the mouth and stomach of the colony ; 
(4) a long tentacle with nematocysts; (5) repro- 
ductive individuals or gonozooids, which are usually 
unisexual. A colony of this kind swims about slowly 
in the sea and may be several feet in length and 
contain thousands of individuals. A modification of 
this type is seen in the deep-sea siphonophores of 
the genera Stephalia and Rhodalia, in which the 
pneumatophore is very large and the axis short and 
thick. In Stephalia a mouth is present at the terminal end of the axis, 
which forms the chief gastrozooid: the axis is thus in this case directly 
comparable with the manubrium of a medusa, 
of which the pneumatophore would be the bell. 
In Rhodalia the axis has lost its character of a 
gastrozooid, not having a mouth at the lower 
end. These animals are probably primitive 
siphonophores and seem to indicate the deriva- 
tion of the group from a medusan instead of 
from a mixed hydroid and medusan stock. They 
also form a connecting link between the two 
general types of Siphonophora, those with an 
axial tube and those which have none. 

Siphonophores are essentially pelagic animals, although some forms 
are found in deep water. They belong to the open ocean, especially of 
the warmer parts of the world, and are among the most beautiful and 
conspicuous animals found there. The order contains about 250 species, 
grouped in 4 suborders. 



Fig. 204— -Diagram 
of a elphonophore (Mc- 
Murrich). 1, pneuma- 
tophore ; 2, necto- 
phore ; 3, bract ; 4, 
gonozooid; 5, gastro- 
sooid ; 6, dab ; 7, ten- 
tacle. 




Pig. 205 



Diagram of a Porpita 
(Delage et Herooard). 
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Key to the suborders of Siphonophora : 

c, Pneumatophore present 
6 t Pneumatophore very large ; nectophores absent 

Cx Pneumatophore a disc, with a large central gastrozooid. . . .1. Disoonectae 
c, Pneumatophore more or less cylindrical, without a large central gas- 
trozooid 2. Cystoneotae 

6, Pneumatophore usually small ; nectophores present ; colony usually 

elongate 3. Physonectae 

a, Pneumatophore absent ; nectophores very large ; colony swimming rapidly. 

4. Caltoonectae 

Suborder 1. DISCONECTAE. 

Siphonophores with a very large disc-like pneumatophore and with- 
out swimming individuals (Fig. 205). The pneumatophore has a com- 
plex structure; it contains a number of air chambers and beneath its 
center is a single large trunk which bears the principal mouth and 
stomach of the colony. Surrounding the trunk are small reproductive 
individuals which bear the gonads, and surrounding them near the rim 
of the disc are long dactylozooids or tentacles armed with nemotocysts. 
The whole colony bears a striking resemblance to a medusa: 36 species, 
grouped in 2 families. 

Family VELELLIDAE.* 

Pneumatophore a circular or elliptical disc without marginal inden- 
tations: about 30 species. 

1. Velella Bosc. Disc elliptical and very flat and with an ele- 
vated ridge passing diagonally across it, which acts as a sail as the 
animal floats on the surface of the water: 13 
species. 

V. mutica Bosc (Fig. 206). Length of 
disc 4 cm., breadth 2 cm.: along the South 
Atlantic coast, occasionally off New England. 

2. POBFZTA Lamarck. Disc circular, and Fig. 200— Velella mutica 

. ., « . (from Lankester). 

without the sail: 8 species. 

P. H«w»*Tifr Lesson (Fig. 205). Diameter of disc 3 to 5 cm. : along 
the South Atlantic coast, occasionally off New England. 

Suborder 2. CYSTONECTAE. 

Siphonophores with a very large pneumatophore from the under side 
of which project nutritive individuals, no large central trunk and no 
swimming individuals being present. The colony floats on the surface 
of the water, often carried by currents and the wind long distances, 
and can sink beneath the surface by compressing the pneumatophore 

* 8ee "The Porpitldac and Velellldae," by A. Aganslz, Mem. Mus. Corap. Zool., 
YoL 8, 1883. 
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and driving out the air or gas through a pore in its upper side. In 
order to rise to the surface again it fills the pneumatophore with a self- 
generated gas. The suborder contains 30 species grouped in 5 families. 

Family PHYSALIIDAE. 

With the above-described characters: 4 genera and 10 species. 

Phtsalia Lamarck. Pneumatophore 
with a dorsal crest with transverse septa: 
4 species. 

P. pelagica Bosc. Portuguese man-of- 
war (Fig. 207). Pneumatophore up to 12 
cm. long, pear-shaped with iridescent col- 
ors; tentacles long, sometimes stretching 
10 or 15 meters, and with powerful stinging 
organs: in the Gulf Stream from Florida 
to Vineyard Sound and occasionally to the 
Bay of Fundy; often common. 




Suborder 3. PHYSONECTAE. 



Fig. 207 

PhytaUa pelagica 

(Lankester). 



Siphonophores with a pneumatophore 
with a long trunk or axis from which bud 
off nectophores and successive similar 
groups of individuals, each group containing usually a bract, a gastro- 
zooid, a palp, a tentacle, and a gonozooid: 9 families and about 75 
species. 

Family AGALMIDAE. 

Two longitudinal rows of alternating nectophores; trunk long, bear- 
ing numerous groups of individuals: 30 species. 

Ovtulzta Quoy and Gaimard (Nanomia A. Agassiz). Four to 6 
nectophores in each row; individual groups not all of the same impor- 
tance, there being secondary groups lacking the gastrozooids between 
the principal groups: several species. 

0. cara (A. Ag.). Length of colony about 11 cm.: Newport and 
Massachusetts Bay. 

Suborder 4. CALYCONECTAE. 

Siphonophores with very large swimming individuals (nectophores) 
and without pneumatophore or palps, the individual groups consisting 
each of a nutritive and one or more reproductive individuals, a covering 
bract, and a short tentacle. The colony swims rapidly, in contrast to 
most siphonophores, being partly sustained by a drop of colored oil 
present in each nectophore: 5 families and 95 species. 
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Family DIPHYIDAE. 

Two nectophores present: 10 genera and about 35 species. 

Dxfhteb Cuvier. Nectophores conical and very large; the remain- 
der of colony can be retracted into a groove in the nectophores and is 
constantly being shortened by the breaking off of 
the terminal and oldest groups of individuals, each 
group (which is called an Eudoxia) thus separated 
leading an independent life and becoming sexually 
mature: 6 species. 

D. bipartite Costa (Fig. 208). Total length 30 
mm.; length of the nectophores 10 mm.; body trans- 
parent: tropical and subtropical Atlantic; Mediter- 
ranean; occasionally on New England coast; often 
very common. 

Class 2. SCYPHOZOA. (Scyphomedusae.) 

These animals have usually an alternation of 
generations, in a few (Pelagia), however, the medu- 
soid generation and in others (Lucernaria) the 
hydroid alone being present. The medusoid plays 
a much more conspicuous part than the hydroid. 
The latter is a small, usually non-colonial animal 
called the scyphistoma, which is less than a centimeter in height and 
resembles the fresh-water Hydra in appearance (Fig. 217, A). It differs 
from Hydra, however, in that the aboral end is fixed to the bottom in a 
cup formed of the perisarc, in the possession of four longitudinal folds 
of the entoderm called mesenteries which project into the gastrovascular 
space and of an ectodermal gullet. The scyphistoma is an asexual 
animal and reproduces by budding exclusively. New scyphistomas may 
be produced by a process of lateral budding from stolons sent off from 
the foot. The medusoid generation is produced by a process of terminal 
budding called strobilation (Fig. 217, B). The scyphistoma grows in 
height and a series of constrictions appear which divide it into a number 
of discs. Each disc is called an ephyra (Fig. 217, C) and is a young 
medusa or jellyfish, which on becoming free grows in time to be a sexual 
animal. 

The medusa which is thus produced is often a large animal; Cyanea 
may be two meters and more in diameter with tentacles thirty-five 
meters or more long. It is called acraspedote because the velum, which 
is so characteristic of the craspedote Hydromedusae, is wanting or 
rudimentary. The periphery of the bell is lobed or scalloped and may 
or may not have tentacles. The manubrium is sometimes very long and 
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large and extensively branched and in the Rhizostomata the mouth is 
closed by the coalescence of its sides, small pores remaining through 
which nutriment is taken in. The gastrovascular space is complex in 
form and usually consists of four radial pouches forming a large space 
in the center of the animal and additional radial canals which often 
branch and may be joined at their outer ends by a circular canal. 

The gonads are four in number and often brightly colored; they 
are specialized portions of the entoderm and appear in the interradii of 
the gastrovascular space. In many species four large pockets, called the 
subgenital pockets (Fig. 216,8) and probably respiratory in function, 
are present in the subumbrella directly beneath the four gonads. Beside 
each gonad are usually a number of cylindrical mesenterial filaments, 
armed with nettle organs. 

The finer structure of the Scyphozoa is essentially like that of the 
Hydrozoa. The mesoglea is different, however, in that it is much firmer 
and usually cellular. The sense organs are also different, being perhaps 
modified tentacles, and are called tentaculocysts or rhopalia. 

The Scyphozoa are all marine and among the most familiar animals 
along our shores. The class contains 5 orders and about 180 species. 

Key to the orders of Scyphozoa: 

di Body stalked and sessile, there being no medusa stage. . . .1. Staubohedusae 
<H Free-swimming medusae present 

6, Medusa with distinct constriction about its middle 2. Gobonatab 

6, No such constriction present 

c, Tentacles present either on the margin or the subumbrella. 
d\ Medusa cuboidal in shape with 4 long marginal tentacles or groups of 

them 8. Cubomedusae 

a\ Medusa with 8 or more tentacles on margin or subumbrella. 

4. SE1LS08T0MEAE 

c, No tentacles on margin or subumbrella 5. Rhtzostomae 

Order 1. STAX7BOMEDUSAS. 

Body conical in shape with aboral surface usually drawn out to 
form a stalk by which it is temporarily attached, representing a sexual 
scyphistoma ; margin with 8 prominent lobes, each with a cluster of short 
knobbed tentacles; without sensory organs but often with marginal 
adhesive pads (marginal anchors) in the angles between the lobes: 25 
species and 2 families, the animals usually attached to seaweed in 
shallow water. 

Family LUCERNARIIDAE.* 

Margin with 8 lobes, each with numerous knobbed tentacles; animal 
attaches itself temporarily to algae, along which it crawls : 5 genera. 

• See "Luceraariae and Their Allies," etc., by H. J. Clark, Smithsonian Contrtb. 
to Knowledge, Vol. 23, 1878. 
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Key to the genera of Lucernariidae here described : 

d Adhesive pads absent 1. Lucebnabia 

<h Adhesive pads present. 

6* Stalk quadrate 2. Halicltstus 

5, Stalk cylindrical 3. Haumoctathxjs 

1. Ltjce&hajlia 0. F. Miiller. Marginal adhesive pads absent; stalk 
cylindrical: 8 species, 1 American. 

L. quadricornis Mull. Height 7 cm.; diameter 5 cm.; color green, 
gray, or reddish; tentacles on each lobe 100 or more: Cape Cod to 
Greenland; Europe. 

2. Halxolystto Clark. Eight 
marginal adhesive pads between 
the lobes; stalk quadrate: 6 spe- 
cies, 2 American. 

H. auricula Clark (Fig. 209). 
Height and diameter 3 cm.; color 
variable; tentacles on each lobe 
100 or more: Cape Cod to Green- 
land; Europe; Alaska. 

H. salpinx Clark. Height 20 
mm.; diameter 25 mm.; tentacles 
slender, about 70 on each lobe; 
marginal pads very large and as 

long as the tentacles: Cape Cod to Fjg 2m _ BalMyttmt aurUmia (Maye , )# 
Greenland; Adriatic Sea. 

3. Halxxooyathus Clark. Marginal adhesive pads present; 4 
gastrogenital pockets present in subumbrella wall of the gastrovascular 
pouches; stalk cylindrical: 2 species. 

H. lagena (Haeckel). Height 3 cm.; diameter 7 mm.; tentacles on 
each lobe 70: Cape Cod to Greenland; rare; Europe. 




Order 2. OORONATAE. 

Medusa with a constriction about its middle; margin in most cases 
with 16 lobes, long tentacles and rhopalia: 5 families and 27 species, 
which are usually found in the open ocean. 

Family 1. PEBIPHYLLIDAE. 

Marginal lobes 16; tentacles 4 or more; rhopalia 4: 4 genera and 
8 species. 

PxRTFHTLLA Steenstrup. Twelve tentacles; body conical; 4 deep 
subgenital pockets (funnels); gonads horseshoe-shaped: 3 species. 
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P. hyadnthina Steen. (Fig. 210). Medusa about 8 cm. high and 4 
cm. wide; color reddish: Greenland; Gulf Stream; cosmopolitan. 





Fig. 210 Fig. 211 

Fig. 210— PeriphyUa hyadnthina (Mayer). Fig. 211— Nau9ithoS punctata (Mayer). 

Family 2. EPHYEOP8IDAE. 

Usually 16 marginal lobes; 9 rhopalia and 8 or more tentacles: 
3 genera and 11 species. 

1. Natjsithoe Kolliker. Gonads 8; tentacles 8; marginal lobes 16; 
ectoderm of bell with clusters of small crystals: 6 species. 

N. punctata K611. (Fig. 211). Medusa 10 mm. broad and 4 mm. 
high; marginal tentacles stiff: cosmopolitan; Gulf Stream; common. 

2. LnrooHZ Eschscholtz. Similar to 
Nausithoe but with sac-like gastric pouches : 
2 species. 

L. nnguiculata Eschs. (Fig. 212). 
Medusa cylindrical or thimble-shaped, 13 
mm. high and 16 mm. wide: Gulf stream; 
often in swarms. 

Order 3. OUBOMEDUSAE. 

Body more or less cuboidal in form, 
with a single interradial tentacle or a 
group of tentacles at each of the 4 corners, 

Fig. 212 — Linuche unguiculata ., . , . . . » 

(Mayer). the bases of which are in most forms 

expanded to form prominent flattened 
structures called pedalia; rhopalia 4, between the tentacles; 4 wide gas- 
tric canals in which are the plate-like gonads; false velum (velarium) 
present, which together with their energetic swimming movements gives 
the animals the appearance of craspedote medusae: 1 family and about 
16 species. 
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Family CHABYBDEIDAE. 

With the characters of the order: 6 genera. 

1. Tamoya F. Miiller. Four tentacles, with prominent pedalia; 4 
clusters of gastric cirri: 1 species. 

T. haplonema F. Miil. (Fig. 213). Medusa 9 cm. high and 5 cm. in 
diameter; exumbrella covered with wart-like 
clusters of nematocysts : Long Island Sound 
to West Indies. 

2. OHiKOPSALKTrs Agassiz. Four groups 
of about 8 tentacles each, each group ex- 
tending from the fingers of a palmate peda- 
lium; finger-like sacs extending into the cav- 
ity of the bell from near the base of the 
manubrium: 4 species. 

0. quadrumanufl Ag. Medusa 10 cm. 
high and 14 cm. in diameter: North Caro- 
lina and southwards, often common in 
shallow water. 




Fig. 213 — Tamoya haplonema 
(Mayer). 



Order 4. SE1UEOSTOMEAE. 

Mouth quadrate, with 4 long, oral lobes, often folded and frilled; 
marginal tentacles hollow, often very long; rhopalia marginal: 3 families. 
Key to the families of Semceostomeae : 

Ox Very long marginal tentacles 1. Pelaoiidae 

o, No long marginal tentacles. 

\ Long tentacles on subumbrella ; no marginals 2. Cyanetoae 

6, Short marginal tentacles 3. Ulmabioae 



Family 1. PELAGIIDAE. 

Large, brightly colored medusae, disc-like 
or hemispherical in form, with wide, simple, 
radial gastral pouches and no ring canal, and 
very long oral lobes and marginal tentacles: 
5 genera and 18 species. 

1. Pelagia Peron and Lesueur. Eight ten- 
tacles and 8 rhopalia; 16 marginal lobes; exum- 
brella covered with warts of nettle cells; devel- 
opment direct, no hydroid stage being present: 
7 species. 

P. cyanella P6r. and Les. (Fig. 214). Diam- 
eter 5 cm. ; height 4 cm. : coast of Florida and the Carolinas, occasionally 
appealing as far north as New England. 




Fig. 214 — Pelagia cyanella 
(Mayer). 
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2. Daotyloxetba Agassiz. Forty marginal tentacles; 8 rhopalia; 
48 marginal lobes: 5 species. 

D. quinquecirrha (Desor). Diameter up to 25 cm.: Long Island 
and Vineyard Sounds to the tropics. 




Fig. 215— Cyanea capillata var. 
^rtica (Mayer), showing the sub- 
umbrella with the tentacles and 



the oral lobes partly removed. 1, 
oral lobe; 2, gonad; 3, tentacles. 



Family 2. CYANEIDAB. 

Large disc-shaped medusae; radial pouches of the gastrovascular 
cavity very wide and ramifying at their distal ends; no ring canal and 

no subgenital pouches: 4 genera, con- 
taining the largest medusae; 6 species. 
Otahea Peron and Lesueur. Eight 
groups of very long tentacles which ex- 
tend from the subumbrella; oral lobes 
very long, wide, and voluminous, between 
which and the tentacles are the 4 large 
bunches of gonads which have evagi- 
nated from the gastrovascular cavity; 
8 rhopalia in as many marginal indenta- 
tions: 2 species. 

0. capillata (L.) var. arctica Per. and 
Les. (Fig. 215). Disc usually 10 to 50 
cm. in diameter, but specimens 2 m. in 
diameter have been seen with tentacles 40 m. long; color variable, usually 
purplish red or brown ; the largest jellyfish : common from North Carolina 
to Greenland; a light-brown variety called C. fulva Agassiz occurs in 
Long Island Sound, and a bluish-white variety called C. versicolor Ag. off 
the Carolina coast. 

Family 3. ULMABIDAE. 

Badial canals nar- 
row and branching, 
forming a complex sys- 
tem with a circular 
canal joining the distal 
ends: 10 genera and 17 
species. 

Aukelia Peron 
and Lesueur. Oral 
lobes long and rather 
narrow; marginal ten- 
tacles minute; body flat and disc-like; 4 large subgenital pockets; B 
rhopalia in as many marginal indentations: 5 species, 




Fig. 216 — AureHa aurita var. flavidula (Mayer). 
b, subgenital pockets ; o, oral lobes. 
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Pig. 217 — Young stages of Aurelia aurita 
var. flavidula (Agassiz). A, a scyphistoma ; 
B, a young strobilia ; C, an ephyra. 



A. anrita (L.) var. flavidula Per. and Les. (Figs. 216 and 217). Disc 
may be 30 cm. or more in diameter; color white or bluish with pink 
gonads : very common along the entire Atlantic coast, breeding through- 
out the summer, the scyphis- 
toma stage lasting throughout 
the winter. 

Order 5. RHIZOSTOMAE. 

Marginal tentacles absent; 
8 oral lobes very large and much 
branched extend from the cen- 
ter of the subumbrella with 
sucking pores along their edges 
which take the place of a mouth, 
the mouth being usually obliter- 
ated; oral tentacles border the 
pores: 63 species. 

1. Stomolofhot Agassiz. 
Body hemispherical; the fused 
oral lobes form a thick cylinder at the bottom of which are 8 pairs of 
frilled lobes and a central mouth opening; 8 rhopalia: 1 species. 

S. meleagris Ag. 
(Fig. 218). Diameter 
18 cm.; color of exum- 
brella brown : from 
Florida to North Caro- 
lina and occasionally to 
the coast of New Eng- 
land; often common. 

2. Rhopilema 
Haeckel. Body hemi- 
spherical; 8 separated, 
3- winged oral lobes 
from which numerous 
club-shaped filaments 
hang: 3 species, one of 
which, R. esculent a, is 
the edible jellyfish of 
China and Japan. 
R. verrilli (Fewkes) . Diameter 35 cm. ; 8 rhopalia ; color yellowish : 
Long Island Sound to North Carolina and southwards. 




Fig. 218 — Stomolophu* meUagrU (Mayer). 
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Class 3. ANTHOZOA. (Actinozoa.) 




Fig. 219 — Diagram of a longitudinal 
section of a coral animal (Boas). 1, ten- 
tacle ; 2, mouth ; 3, gullet; 4, mesentery ; 
5, base of a mesentery which has been cut 
away ; 6, septum of the calcareous skele- 
ton covered by a fold of the foot ; 7, theca; 
8, septum. 



Corals, sea anemones, etc. Co&- 
lenterates in which the polyp form 
alone is present, no medusa gener- 
ation appearing. The body (Fig. 
219) is usually cylindrical in form 
and is attached either permanently 
or temporarily at one end, which, 
in the sea anemones, is called the 
foot or pedal disc. The other and 
flattened end is the oral disc; in its 
center is the mouth surrounded by 
hollow tentacles, which may num- 
ber from six to several hundred. 
The mouth is not round, but an 
elongated slit, at one or both ends 
of which is a prominent, ciliated 

groove called the siphonoglyph, through which the genital products may 

reach the outside (Fig. 220). The mouth does not lead directly into the 

gastrovascular space, but into a 

tube lined with ectoderm called the 

gullet which opens into the gastro- * 

vascular cavity below. This cavity 

is divided into a number of com- 
municating chambers by six or 

more wide longitudinal ridges called 

the mesenteries, which spring from 

the body wall and project towards 

the center of the cavity; in the 

upper portion of the body, certain 

of these mesenteries join the body 

wall with the wall of the gullet 

(Fig. 220), thus dividing this part 

of the gastrovascular space into 

small chambers which are continued 

above in the hollow tentacles, while 

in the lower portion of the gastro- 
vascular space the edges of the mes- 
enteries are free. 

Along the free edge of each mesentery is a convoluted thickening, the 

mesenterial filament, which is of great importance inasmuch as it contains 




Fig. 220 — Diagram of a cross section 
of an anthozoan through the gullet 
(Weysse). 1, siphonoglyph; 2, gullet; 
3, primary mesenteries ; 4. secondary 
mesenteries ; 5, tertiary mesenteries ; 6, 
longitudinal muscle. 
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the gonads, and also nematocysts; at its lower end also, in many species, f 
are long threads called acontia charged with nematocysts which can be 
protruded from the mouth and also, in some cases, through pores (cin- 
clides) in the body wall. The mesenteries bear the retractor muscles, each 
of which appears as a prominent ridge on one side of it. At the upper end 
of the body is usually a strong sphincter muscle which draws this end 
together and closes the mouth. The body wall consists of the two main 
cell layers and the mesoglea, which contains nuclei. The mesenteries are 
composed of mesoglea and entoderm; the important retractor muscles and 
the gonads being thus of entodermal origin, the latter migrating later 
into the mesoglea of the mesenteries where they are found. 

Very characteristic is the skeleton, which most Anthozoa possess. This 
is composed either of calcium carbonate or a horn-like substance called 
ceratine, both of which are secreted by the ectoderm and serve to elevate 
the colony in the water, bringing it into a favorable position for main- 
taining itself. 

The Anthozoa are in most cases unisexual. The ova and sperm are 
thrown into the gastrovascular space, where in many cases a portion of 
the development may be carried on. In some sea anemones, the young are 
carried awhile in pits on the side of the body. After a short free life, the 
young animal settles to the bottom, and in most cases becoming fixed, 
develops into the adult animal. Asexual reproduction by budding is very 
general and leads to the formation of the colonies which are so character- 
istic of the group. All of the Anthozoa are marine animals and are espe- 
cially numerous in the warmer parts of the world. Corals are of impor- 
tance to man because of the coral reefs, banks, and islands they help to 
form. The only species which have commercial importance are the red 
corals of the Mediterranean and Japan which are used in the manufacture 
of jewelry. The name of the class originated with Ehrenberg, who in 
1831 divided the polyps as then known into two groups, the Anthozoa or 
flower animals and the Bryozoa or moss animals. The class contains 
over 2,000 living and many fossil species, which are grouped in two 
orders. 

Key to the orders of Anthozoa : 

a, Eight pinnate tentacles present 1. Alctonaria 

a, Tentacles simple and usually numerous 2. Zoantharia 

Order 1. ALCTONARIA.* 

Colonial Anthozoa with 8 pinnate tentacles and 8 mesenteries (Fig. 

222, B) . A siphonoglyph is present on but one side of the polyp, or not 

at all. The retractor muscles are all on the same side of the mesen- 

• See "Alcyonarla of Porto Rico," by C. W. Hargitt and C. R. Rogers, Bull. IT. 
8. Fish. Com., VoL 20, p. 267, 1900. 
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teries, that which looks towards the siphonoglyph. The skeleton con- 
sists of calcium carbonate or ceratine spicules imbedded in the mesoglea, 
but formed by cells of ectodermic origin, which may be fused together in 
the center of the colony so as to form a compact axis: in a few genera 
a skeleton is lacking. The mesoglea, stiffened thus by the spicules, 
together with the outer ectoderm, is called the coenenchym. The polyps 
are seated in depressions in the coenenchym, into which they can usu- 
ally retract, and are in communication with one another by means of 
entodermal canals (Fig. 222, B). The Alcyonaria are often brightly col- 
ored and phosphorescent and are among the most conspicuous objects in 
the tropical seas. The order contains about 33 families and over 600 living 
species, grouped in 5 suborders. 

Key to the suborders of Alcyonaria here described: 

Ox Colony fixed and stationary. 

ft, Polyps rise from a stolon 1. Stolonifera * 

6, Colony erect. 

Ox Central skeletal axis absent 2. Alctonacea ^ 

c, Central skeletal axis present 3. Goboonacea ^ 

a, Colony not fixed or stationary 4. Pennatulacea v/ 

Suborder 1. STOLONIFERA. 

Colony consists of independent polyps which rise from a mem- 
branous or ribbon-like stolon ; they are not continuously joined but may 
be united by transverse tubes or plates: 3 families. 

Family CORNULARIIDAE. 

Polyps not joined together except by the creeping stolon from which 
they spring; spicules usually absent: about 15 genera. 

Cornttlariella Verrill. Upper portion of polyp retractile into the 
rigid lower portion; spicules present: 1 species. 

0. modesta Ver. Polyps G to 18 mm. high and 3 mm. in diameter; 
color of stolons and lower part of polyps yellow or brown : Casco Bay to 
Gulf of St. Lawrence, from 30 fathoms to deep water. 

Suborder 2. ALCYONACEA. 

Colony usually branching, without central axis; coenenchym with 
spicules and usually fleshy: about 10 families and over 100 species. 

Family 1. ALCYONIIDAE. 

Colony simple or branching and more or less massive; polyps elon- 
gate and joined by entodermal canals; coenenchym with numerous 
spicules: about 12 genera. 

Alotonixtm L. Colony composed of short, thick lobes and soft or 
leathery; polyps long and, with the exception of the outer end with the 
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tentacles, entirely buried in the mass of the ccenenchym which forms 
the bulk of the colony: numerous species. 

A. carnenm Agassiz. Colony yellowish or reddish in color, lobed 
or arborescent and 4 to 10 cm. high: from Long Island Sound to Gulf 
of St. Lawrence, from low water to 80 fathoms. 

Family 2. NEPHTHYIDAE. 

Colony more or less dendritic, consisting of a sterile trunk and 
branches bearing polyps; consistency soft and leathery; polyps not 
retractile, with tentacles folded over oral disc when at rest: 10 genera. 

SPOXGODES Lesson. Colony massive or dendritic ; spicula in periph- 
ery of polyps so numerous that neither the polyp nor their tentacles 
are retractile; polyp surrounded by giant spicules which project from 
its base beyond the tentacles: 40 species. 

8. portoricensis Hargitt. Colony about 45 mm. high, whitish in 
color, densely spinose : near Porto Rico, in 75 fathoms. 

Suborder 3. GORGONACEA. 

Sea fans, sea whips, red coral, etc. Colony usually branching exten- 
sively and with a central skeletal axis, composed of compacted spicules, 
which is either calcareous, horn-like, or composed of calcareous alternating 
with horn-like segments; a rind of ccenenchym containing spicules covers 
this axis, in which the polyps are imbedded, being joined together by 
entodermal canals: about 11 families and over 250 species. 

Family 1. CORALLIIDAE. 

Colony erect, branching, with a dense, calcareous axis of fused 
spicules surrounded by canaliferous ccenenchym bearing spicules: about 
3 genera. 

Goballtok Lamarck. Red coral. Polyps white in color and re- 
tractile; spicules and axis red; axis thick and longitudinally ridged by 
entodermal canals, very hard, forming the red coral of commerce: about 
a dozen species, in the Mediterranean, eastern Atlantic, and off the coast 
of Japan. 

0. nobile (Pallas) (C. rubrum Lam.). Colony up to 30 cm. high: in 
the central and western Mediterranean, being fished principally off the 
coast of Africa and Italy. 

Family 2. GORGONITDAE.' 

Colony erect and branched, often in one plane; axis horn-like, occa- 
sionally horn-like and calcareous; polyps occur in rows and on two sides 
only of the stem and branches: 12 genera. 
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Oobgokia L. Colony arborescent, often fan-shaped, the branches 
being in the same plane and often anastomosing so as to form a network; 

polyps retractile: numerous species. 

G. flabellum L. Sea fan (Fig. 221). 
Colony a network with meshes 2 to 6 mm. 
wide, yellowish or reddish in color and up to 
50 cm. high and wide: South Atlantic and 
West Indies, in shallow water. 

Gk acerdsa Pallas. Colony dendritic, 
with long, slender branches, the smaller 
branches being arranged pinnately, up to 80 
cm. high, straw-colored: West Indies, in shal- 
low water. 




Family 3. PLEXAURIDAE. 



Fig. 221 

Oorgonia flabellum 
(Hargitt). 



Colony branched and erect, with the 
polyps scattered over entire surface; axis 
horn-like or horn-like and calcareous; coenenchym thick; polyps rather 
large and projecting: 10 genera. 

1. Eunice A Lamouroux (Fig. 222). Colony arborescent; trunks 
cylindrical; polyp edges bilobed or crenate; 
axis horn-like: numerous species. 




Fig. 222 — EutUcm. A, (Hargitt) entire colony : B, (Chester) cross section snowing 
polyps. 1, expanded polyp ; 2, longitudinal section or polyp ; 3, con- 
tracted polyp ; 4, central axis ; 5, entodermal canal. 
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E. crass* Edwards and Haime. Colony up to 50 cm. high and half 
as broad; diameter of trunks 8 to 15 cm.; coenenchym thick, corky: 
West Indies. 

2. Plexaubslla Kolliker. Colony arborescent; trunks cylindrical; 
axis horn-like and calcareous; cup edges smooth; coenenchym usually 
very thick. 

P. dichotoma Dana. Stem 12 to 20 mm. thick; branches smooth, 
club-shaped; color brownish: West Indies; very common. 

Suborder 4. PENNATULACEA.* 

Sea pens and sea feathers. Colony not fixed, but capable of inde- 
pendent movement and consisting of two parts, a stalk which is im- 
bedded in sand or mud, and an upper part called the rachis, which bears 
the polyps and may have the form of a feather, a rod, a broad plate; a 
central calcareous or horn-like axis usually present ; outer layer of mesoglea 
permeated with spicules forming a crust; polyps 
large and in communication with one another by 
entodermic canals and dimorphic, the autozooids 
being of ordinary structure, the smaller siphono- 
zooids having no tentacles or gonads and reduced 
mesenteries and serving for the inflow and outflow 
of water through the entodermal canals : 15 families 
and over 200 species. 

Family 1. PENNATULIDAE. 

Sea feathers. Rachis elongate with paired lat- 
eral branches or pinnulae; siphonozooids confined 
to lower side of rachis : about 4 genera. 

Pehvatxtla Lamarck. Pinnulae long, from 20 
to 50 in number on each side, bearing the autozooids 
on their upper margin: several species. 

P. aculeata Danielsen (Fig. 223). Length 10 
cm; rachis with numerous spines among the sipho- 
nozooids; color deep red, stalk rose-colored, becom- 
ing whitish at the base: Gulf of St. Lawrence to 
Carolina, in 100 to 500 fathoms; common; Europe. 

P. grandis (Ellis) (P. borealis Sars). Length up to 50 cm.; color 
orange; breadth 14 cm.: Newfoundland to Nantucket, in 100 to 600 
fathoms. 

• 8ee "Die Pennatuliden," by A. Kftlliker, Frankfort, 1870. 




Pig. 223 

Pennatula aculeata 
(Verrill). 
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Family 2. FUNICULINIDAE. 

Sea pens. Stalk short and thicker than the quadrangular rachis 
which is long and slender and bears the autozooids in oblique rows; 
autozooids retractile; siphonozooids confined to lower side of rachis: 
1 genus. 

Ftthioulxva Lamarck. With the characters of the family : 2 species. 
F. armata Verrill. Length up to 60 cm. ; auto- 
zooids deep purple; rachis yellowish below and 
brownish above: Newfoundland to Nantucket, in 
100 to 400 fathoms. 

Family 3. RENILLIDAE. 

Rachis broad and circular or reniform, with 
the polyps confined to the upper surface; no axial 
_ skeleton: 1 genus. 

Fig. 224 
RenWa reniformis Rehiixa Lamarck. With the characters of the 

(Cambridge Natural family: 10 species. 

R. reniformis (Pallas) (Fig. 224). Upper part 
pink or violet in color, polyps white; 7 cm. long: on the Carolina coast, 
in shallow water; West Indies. 

Order 2. ZOANTHARIA. 

Stony corals and sea anemones. Anthozoa, often of large size, most 
of which secrete a stony or horn-like skeleton. The tentacles are usually 
simple (in the Australian sea anemone, Actinodendron, branched) and may 
number from six to several hundred. 

The mesenteries (Fig. 220) are usually numerous, consisting of six 
primary pairs (protocnemes) which alone are present in the most primi- 
tive forms, and numerous secondary mesenteries (metacnemes) which 
are usually unilateral, that is, in pairs, both members of which are on the 
same side of the gullet, and arise in series, the younger and smaller pairs 
appearing between the older and larger ones. The gullet is joined with 
the body wall by all of the protocnemes (except in Edwardsia) and usually 
by certain of the metacnemes, the two pairs of protocnemes which join 
the siphonoglyphs with the body wall being called the directives. The order 
contains 1,500 species, grouped in three suborders. 

Key to the suborders of Zoantharia: 

a, Skeleton present ; animals mostly colonial. 

b t Skeleton horn-like 1. Anttpatharia^^ 

6, Skeleton calcareous 3. Madbeporaria " 

o, No skeleton ; animals mostly solitary. 2. Actiniaria v— 
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Suborder 1. ANTIPATHARIA. 

Black corals. Colonial Zoantharia having the appearance of alcyona- 
rians, with a black, horn-like central axis and a thin ccenenchym in which 
are no spicules; polyps usually with 6 tentacles and 6 mesenteries: 3 
families with about 100 species, most of which live in the deep sea. 

Family ANTIPATHIDAE. 

Colonies composed of long, slender stalks and branches; polyps 
with 6 tentacles, 6 primary mesenteries, and with or without 4 or 6 
secondary mesenteries; axis beset with spines and with a central canal: 
about 30 species. 

1. Ahtipathes Pallas. Colony branching; axis with long, numer- 
ous spines: about 15 species. 

A. larix Esper. Colony up to 1 m. high and composed of a few 
long main stalks each bearing 6 longitudinal rows of parallel branches 
from 3 to 10 cm. long: West Indies; Mediterranean. 

2. &BRIPATHE8 Blainville. Colony not branched but consisting of 
a simple long and flexible and often spiral stalk: several species. 

0. spiralis (L.). Colony «a meter or more long and spiral: West 
Indies; Mediterranean; Indian Ocean. 

Suborder 2. ACTINIARIA.* 

Sea anemones. Skeleton not present; animals usually solitary; 
often very brightly colored and of large size, occurring in all parts of 
.the world, in all depths of water; the animals usually attach themselves 
temporarily to some more or less stationary object by the broad sucker- 
like foot, but can usually move about slowly; some live in the sand and 
a few are free-swimming: about 400 species, grouped in 4 divisions. 
Key to the divisions of Actiniaria: 

Ox Eight longitudinal ridges on the outer surface of the body. . . .1. Edwabdsiae 
a, At least 12 ridges or none at all. 
5j Bat 2 rows of tentacles, an outer marginal and an inner. .2. Cebiantheae 
6, Tentacles not in two rows. 

Ox Animals colonial 3. Zoantheak 

Ct Animals solitary 4. Hexactiniae 

Division 1. EDWABDSIAE. 

Solitary sea anemones, small and slender, usually imbedded in the 
sand, the foot being pointed for burrowing; with 14 to 48 tentacles and 

• "Report of tbe Actinia," etc., by J. P. McMurrich, Proc. U. 8. Nat. Mas., Vol. 
16, p. 119, 1893. "Synopsis of North American Invertebrates, The Actiniaria," by 
G. H. Parker, Am. Nat, Vol. 34, p. 747, 1900. "Tbe Actlnlans of Porto Rico," 
by J. B. Duerden, Bull. U. S. Fish. Com., Vol. 20, p. 323, 1900. 
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8 mesenteries (protocnemes), 2 additional pairs of rudimentary protoe- 

nemes and a few small metacnemes being also present; outer surface 

characterized by 8 longitudinal ridges and often incrusted with sand 

and other foreign substances: 4 genera and about 20 species. 

1. Edwabbsza Quatrefages. Form slender, prismatic; tentacles 16 

or less in 2 circles of 8 each, of which the outer circle is the larger; 

2 siphonoglyphs : several species. 

E. elegans Verrill. Number of tentacles 16; length 25 mm.: north 

of Cape Cod, in shallow water. 

£. leidyi Ver. Number of tentacles 16; length 

30 mm.; diameter 1.5 mm.; parasitic in Mnemiopsis 

leidyi: Vineyard Sound and southwards; common. 

2. Edwardsiella Andres. Form cylindrical; 

tentacles more than 16, usually at least 24, of which 

8 are in the outer row: several species. 

E. lineata Verrill. Number of tentacles 18 to 30; 

length 25 to 35 mm.; diameter 3 mm.; color brown: 

from Vineyard Sound southwards, in 4 to 12 fathoms; 

common among worm tubes, rocks, etc. 

E. sipunculoides Stimpson (Fig. 225). Tentacles 

Fig. 225 20 to 36; length 12 cm. extended; diameter 4 mm.; 

BdwardMeiia color brown: Cape Cod and northwards, in shallow 

sipunculoides 
(Torrey). water. 




Division 2. OEBIANTHEAE. 

Solitary sea anemones, long and slender, usually imbedded in sand 
or mud, with numerous tentacles in 2 rows, an outer, marginal, and an 
inner, circumoral row, and with numerous mesenteries; retractor and 
sphincter muscles weak or wanting in the adult, ectodermal muscles 
acting as retractors; but 1 siphonoglyph present; ectoderm with nu- 
merous gland and nettle cells which discharge sufficient mucus and 
nematocysts to form a long tube in which the animal lives: several 
genera with about 20 species. 

Ceriaitthtjs Delle Chiaje. Lower end rounded and provided with 
a terminal pore: 2 species on the Atlantic and 3 on the Pacific 
coast. 

0. americanus* Verrill. Marginal tentacles up to 125 or more; 
length of body up to 60 cm. extended; diameter 25 mm.; color brown: 
Cape Cod to Florida, in shallow water. 

• See "The Structure of Cerlanthus americanus, by J. P. McMurrlch, Jour. 
Morpb., Vol. 4, p. 131, 1890. 
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0. borealis* Ver. (Fig. 226). Tentacles very numerous; length of 
body up to 45 cm. extended; diameter 4 cm.: Long Island Sound to Bay 
of Fundy, in 7 to 150 fathoms; very rare 
south of Cape Cod. 

Division 3. ZOANTHEAE. 

Usually colonial sea anemones springing 
from an incrusting or stolon-like base; ten- 
tacles numerous, in 1 or 2 rows; mesenteries 
with a characteristic arrangement ; 1 siphono- 
glyph present: about 8 genera and over 75 
species, many of which are epizoic in habit, 
being incrusted on hermit crabs, sponges, 
hydroids, etc.; several genera. 

1. Zoanthtjs Cuvier. Polyps claviform 
or cylindrical, elongate, usually rising singly 
from a network of stolons, and with no foreign bodies incrusted in their 
outer surface: numerous species. 

Z. sociatus (Ellis). Polyps about 17 mm. high, springing from 
stolons or rarely an incrusting membrane, or from one another; tentacles 
48 to 60: West Indies. 

2. Epizoanthtjs Gray. Surface of body incrusted with sand and 
other foreign bodies; colony consists of several individuals rising from 

a membrane-like base which may cover a variety 
of living or non-living objects. 

E. americanus Verrill (Fig. 227). Tentacles 
38 or more; height of polyp 25 mm.: attached to 
stones or to hermit crabs in 20 to 400 fathoms, 
from New Jersey to Gulf of Saint Lawrence. 



Fig. 226 

Cerianthus borealis 
(Klngsley). 




Fig. 227 

Spisoanthus americanus 
(from Parker). 



Division 4. HEXAOTDTIAE. 



Solitary sea anemones, often of large size, 
with 6 pairs of mesenteries in the simplest forms, 
and approximate multiples of 6 in the higher ones, with usually 2 siphon - 
ogryphs and a large number of tentacles; the animals usually fasten 
themselves temporarily to rocks, etc., by the flat foot, which acts like a 
sucker, and can move slowly from place to place : about 300 species. 

• "Description of Cereanthue borealis Verrill," by J. S. Kingsley, Tufts College 
Studies, Vol. 1, p. 345, 1904. 
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Key to the families of Hexactiniae here described: 

Ot Pedal disc absent ; usually sand dwellers 1. Halcampidab 

o, Pedal disc present 
&t Acontia absent 

(^ Body tuberculated. 2. Bunodidae 

Ct Body not tuberculated 3. Paractidae 

&t Acontia present 4. Sagabtiidae 

Family 1. HALCAMPIDAE. 

Pedal disc absent, the lower end being rounded or pointed and often 
swollen; mesenteries few in number, 6 pairs of protocnemes with 4 
to 6 pairs of metacnemes being present; no special sphincter; tentacles 
12 to 36: about 6 genera. 

1. Haloakpa Gosse. Body long and slender with longitudinal 
grooves and composed of 3 sections, an oral retractile portion, an inter- 




Flg. 228 Fig. 229 Fig. 230 



Fig. 228 — Halcompa farinacea (from Parker). Fig. 229 — Bicidium paroMticum 
(from Parker). Fig. 230 — Eloactis produota (from Parker). 

mediate portion usually coated with sand, and a pedal portion ; 2 siphono- 
glyphs: several species, which live in sand and mud. 

H. farinacea Verrill (Fig. 228). Tentacles 12 in 2 rows; body 
25 mm. long extended and 3 mm. in diameter; color whitish, with 
longitudinal bands of brown; disc yellow: north of Cape Cod, in 8 to 
10 fathoms. 

2. Bictditoc Agassiz. Twelve tentacles in a single row; mouth with 
a proboscis (conchula) : several species. 

B. parasiticum Ag. (Fig. 229). Body 30 mm. long extended and 
6 mm. thick : parasitic on Cyanea, fixing itself by the mouth on the manu- 
brium, subumbrella, or in the gastrovascular cavity; also in the sand: 
Cape Cod to Bay of Fundy. 

3. Eloagtis Andres. Body slender and very contractile; tentacles 
short and blunt or capitate and in two rows : 5 species. 

E. producta And. (Fig. 230). Tentacles 20; body with 20 longitu- 
dinal ridges, 25 cm. long extended; diameter 18 mm.; color whitish or 
salmon : South Carolina to Cape Cod, buried in the sand or on the under 
side of stones in shallow water. 



Digitized by 



Google 



ANTHOZOA 143 

Family 2. BUNODIDAE. 

Body often of large size, with a strong entodermal sphincter and 
usually a tuberculated outer surface: about 10 genera. 

1. Btoodes Gosse. Outer surface with longitudinal rows of tuber- 
cles; tentacles rather short, retractile: 15 species. 

B. Stella Verrill (Fig. 231). Body 50 mm. high; oral disc 35 mm. 
wide ; tentacles 48 to 72 : north of Cape Cod, in shallow water. 

2. Attlaotinia Verrill. Outer surface with longitudinal rows of 
tubercles on upper half; lower half smooth: several species. 

A. capitata Ver. Body 15 cm. high and 35 mm. in diameter; ten- 
tacles 96 in 4 circles: North Carolina to Florida, in shallow water. 

3. EPIA0TI8 Verrill. Outer surface of body with a band of egg 
pits around its middle: 1 species. 

E. prolifera Ver. (Fig. 232). Height 10 mm.; diameter 12 mm.; 






Fig. 231 Fig. 232 Fig. 233 

Fig. 231 — Bunodes Stella (from Parker). Fig. 232 — Epiactis prolifera (from Parker). 
Fig. 233 — Tealia crassicomis (from Parker). 

tentacles about 96; egg pits as many as 30 or 40: Pacific coast from 
Puget Sound to San Francisco. 

4. Tealia Gosse. Outer surface with scattered tubercles; body 
short and thick and more or less covered with sand, bits of shell, etc.; 
tentacles short and thick : several species. 

T. crassicornis (0. F. Mtiller) (Fig. 233). Height 5 cm.; diameter 
12 cm.; tentacles 160; color reddish with gray tubercles: northern seas, 
extending southward to Puget Sound and Cape Cod, in 14 to 40 fathoms; 
Europe. 

Family 3. PABACTIDAE. 

Anemones with a strong sphincter and a smooth outer surface : about 
10 genera. 

1. Pabaotis Milne-Edwards. Body with longitudinal grooves; ten- 
tacles slender, not very numerous, and all of equal length: several 
species. 

P» rapiformifl (Lesson) (Pig. 234). Body 80 mm. high extended, 
and 25 mm. in diameter; surface nearly smooth, pinkish in color; pedal 
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disc small; tentacles short: buried in the sand near low water mark; from 
Cape Cod to Hatteras; Europe. 

Family 4. SAGAETITDAE. 

Anemones with a sphincter and with acontia; cinclides usually present; 
tentacles usually numerous: 20 genera. 

1. Sagaktia Gosse. Outer surface smooth; oral disc not lobed; 
cinclides present ; tentacles in 3 or 4 cycles and retractile : many species. 

8. luciae Verrill. Body 8 mm. high, 6 mm. in diameter, olive green 
in color, with about 12 longitudinal orange stripes ; 84 tentacles in 4 rows : 
very common on stones and shells in tide pools; Long Island Sound to 
Massachusetts Bay and farther north. 

8. leucolena Ver. Body elongate, 6 cm. long extended, 10 mm. in 
diameter, with a translucent flesh color; tentacles 96, in 4 rows: common 






Fig. 234 Fig. 235 Fig. 236 

Fig. 234 — Pamctis rapifprmis (from Parker). Fig. 236 — Baqartia modesta (from 
Parker) . Fig. 23&—Metridium dianthus ( from Parker) . 

under stones and in the sand in shallow water from North Carolina to 
Cape Cod. 

8. modesta Ver. (Fig. 235). Height 6 cm.; diameter 15 mm.; color 
yellowish; tentacles 60: buried to the tentacles in sand; Long Island and 
Vineyard Sounds. 

2. METBiDitrM Oken (Actinoloba Blainville). Outer surface smooth; 
pedal disc broad; oral disc lobed; cinclides present; tentacles very 
numerous and short: several species. 

M. dianthus (Ellis) (M. marginatum Lesson) (Fig. 236). Length up 
to 10 cm., width 7 cm.; color variable, but usually brownish or yellow- 
ish: the largest and one of the commonest sea anemones on the Atlantic 
coast; New Jersey to Labrador, from low-water mark to 90 fathoms; 
Pacific coast; Europe. 

3. Adamsia Forbes. Pedal disc adherent, the animals fixing them- 
selves to the shells of hermit crabs or to crustaceans ; a band of cinclidial 
tubercles around the base of the column, the rest of which is smooth. 

A. tricolor Lesson. Height 75 mm. ; diameter 45 mm. ; tentacles 500 
or more in large individuals: on hermit crabs; North Carolina to Florida, 
in shallow water. 
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Suborder 3. MADREPORARIA. # 

The stony corals. The polyps are either solitary or colonial, and 
secrete from the ectoderm a very hard, calcareous skeleton (Fig. 237). 
This usually takes the form in each case of a cup into which the polyp 
or zooid can retract itself and which consists essentially of a system of 
radial vertical plates or septa projecting into the interior of the polyp, 
but always covered with the three layers of the body wall and alternating, 
in a general way, with the mesenteries (Fig. 238). The outer edges of 
these stony septa usually join an outer wall called the theca, which is 
the outer part of the cup in which the polyp sits. In the middle of the 
cup is often a central column (columella). As the polyps grow, they 
constantly build up the theca and the septa, withdrawing from the 

Fig. 237 Fig. 238 

Fig. 237 — Diagram of a coral colony (Boas). 1, extended coral polyp; 2, retracted 
coral polyp ; 3, longitudinal section of a coral polyp ; 4, calcareous cup from which the 
polyp has been removed: 5, columella; 6, septa; 7, theca; 8, tabulae. Fig. 238 — 
Cross section of a coral, the stony skeletons being black (Boas). 1, septum ; 2, mesen- 
tery ; 3, theca. 

deeper portions, which may become cut off by horizontal partitions — 
the tabulae. The colonies increase in size by growth and budding of 
the polyps, producing, in this way, the coral reefs which are such an 
important feature of tropical seas. All the reef-forming corals live in 
shallow water, 300 feet being the maximum depth in which they are 
found. 

The suborder contains over 1,000 species, grouped in 3 divisions. 
Most of the species are found in tropical or subtropical waters, a few, 
however, occurring in temperate and even in Arctic seas. 

Key to the divisions of Madreporaria: 

Oj Coral porous ; septa not more than 12 1. Pebfobata 

a, Coral solid ; septa usually numerous. 

6 t Septa without cross bars 2. Afobosa 

b t Septa with cross bars 3. Fungacea 

• See "The Florida Reefs," by L. F. Pourtales, Bull. Comp. Zool., Vol. 6, p. 102, 
1880. "The Tortugas and Florida Reefs/* by A. Agasslz, Mem. Am. Acad., Vol. 2, 
1882. "The Stony Corals of the Porto Rican Waters," by T. W, Vaughan, BuU, 
TJ. 8. Fish, Com., Vol. 20, Pt 2, p. 291, 1900, 
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Division 1. PERFORATA. 

Corals wholly or partly porous or reticulate; zooids small with not 
more than 12 septa (Fig. 239), which are sometimes indistinct: 2 

families, which include many important 
reef-building corals. 



Wmm 




Pig. 239 — Cups of Porites 

showing septa 

(Vaughan). 



Family 1. ACEOPORIDAE. 

Colony usually branched, the coral 
being porous and containing canals con- 
necting the polyps, which are usually small 
and crowded ; mesenteries in bilateral pairs ; 
cup small, deep, without columella and with 
6 or 12 septa : about 8 genera and over 150 
species. 

AoBOPORA L. (Madrepora L.). Colony 
branched, being either flabellate, radiate or 
thick and little branched except towards the periphery; zooids project- 
ing; terminal polyps with 6, lateral polyps with 12 tentacles; color 
usually due to symbiotic algae: many species, in most tropical seas; 1 
species in the West Indies. 

A. mnricata L. Colony large (1 m. by 50 cm.), and usually spread- 
ing, with 3 common varieties; A. cervicornis Lamarck, which is loosely 
branched, A. prolifera Lam. (Fig. 240), in which 
the branches are more crowded and often fused 
together, and A. palmetto Lam., made up of large 
fan-shaped masses: West Indies and Florida. 

Family 2. PORITIDAE. 

Colony with a variety of forms, usually in- 
crusting and massive, often forming thick 
branches, but rarely dendritic; zooids small and 
close together; coral porous and made up of a 
system of trabeculae and cross bars: about 12 
genera and 100 species, many of which are reef- 
building. 

Porites* Lamarck. Cup with about 12 
short septa; columella present but often indistinct 
West Indian; often forming very large colonies. 

P. porites (Pallas). Colony more or less branching, there being 
3 well-marked varieties; P. clavaria Lam., consisting of very thick 

• See "On the Genus Porites," by R. Ratbbun, Proc XJ. S. Nat Mas., Vol. 10, 
p. 854, 1887, 




Aoropora murioata 
(Vaughan). 



many species, 2 
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upright branches; P. fur cat a Lam. (Fig. 241), in which the branches 
are slender, and P. divaricata Lesueur, in which the branches are quite 





Fig. 241 Fig. 242 

Fig. 241— Pontes porites (Vaughan). Fig. 242 — OcttUfia 
diffusa (Vaughan). A, the entire colony; B, a single 
cup, showing the septa. 

slender (6 mm. in diameter, or less) and spreading: West Indies and 
Florida. 

P. astreoides Lam. Colony not branching, but more or less globose, 
often with thick lobes: West Indies and Florida. 

Division 2. APOBOSA. 
Coral solid; cup with usually numerous septa (Fig. 242, B) : about 10 
families. 

Key to the families of Aporosa here described: 

o, Mostly solitary corals 1. Tubbinoliidae 

a, Colonial corals. 

6, Zooids not contiguous 2. OculinidaB 

6, Zooids close together or confluent 3. Astreidak 

Family 1. TTJEBINOLIIDAE. 

Mostly solitary corals, with numerous septa and without a true 
theca, imbedded in the sand or attached to some object : about 50 genera 
and several hundred species, of which the greater number are fossil. 

Flabellttm Lesson. Coral solitary, flattened more or less, tapering 
towards the base, which is attached in youth but may become detached 
later: over 50 species. 

F. goodei Verhll. Height up to 80 mm.; greater diameter 12 cm., 
lesser 43 mm.; color in life salmon with brown stripes; a very fragile 
coral : Newfoundland to Florida, in 200 to 500 fathoms. 

Family 2. OCULINIDAB. 

Colony usually dendritic, with large zooids more or less widely sep- 
arated from one another; coral compact with 12 to 48 distinct septa and 
usually a columella: about 22 genera. 

Oottliva Lamarck. Colony dendritic with spirally arranged zooids: 
many species. 
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O. diffusa Lam. (Fig. 242). Colony very much branched, the 
branches forming an angle of about 30°; cups 3 mm. in diameter: North 
Carolina to Florida, often common in shallow water. 

Family 3. ASTRSIIDAE. 
Usually colonial corals with the zooids so crowded that there is 
little or no space between them, and in some cases being confluent; 
colony compact and massive or erect; a few species are solitary: hun- 
dreds of genera and species, be- 
ing the largest family of corals. 
1. Astrangia Ed wards and 
Haime. Colony incrusting, the 
zooids being distinct and more 
or less isolated, with 6 septa of 
the 1st cycle, 6 smaller ones of 
the 2nd, and incomplete 3rd and 
4th cycles: 4 American species. 
A. danae Agassiz (Fig. 243). Colony small, containing from 5 to 
30 individuals, incrusted on stones, shells, etc., up to 10 cm. in diameter 
and 5 cm. high: Florida to Cape Cod, in shallow water; common. 

2. Oebicella Dana. Colony usually massive with zooids distinct 
and separated by deep concave spaces: numerous species. 




Fig. 243 — Aatrangia danae (from Davenport). 




Fig. 245 

Fig. 244 — OrUcetla annularis (Vaughan). 
Fig. 245 — Mcandrina meandrites (Vaughan). 

O. annularis (Lamarck) (Fig. 244). Colony globose; cups 2 mm. 
in diameter with 12 septa of the first and 12 of the second order: Florida 
and the West Indies. 

3. Meandeina Lamarck. Zooids confluent; tentacles, mesenteries, 
and septa arranged in rows ; the mouths of the polyps distinct : numerous 
species. 

M. meandrites (L.) (Fig. 245). Colony 4 to 8 cm. or more long 
and half as broad with a single large main groove and large septa; 
columella present: West Indies and Florida. 
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M. sinuosa Lesueur (Platygyra viridia Les.) (Fig. 246). Brain- 
coral. Colony incrusting and massive, 25 cm. in diameter or more; 
surface made 
up of numerous 
sinuous ridges, 
which are the 
septa, and 
grooves: West 
Indies and 
Florida. 

Division 3. 
FTJNQACEA. 

Solitary or 
colonial corals 
in which the 
septa are join- 
ed by cross 
bars or synap- 
ticula: 5 fami- 
lies. 




Fig. 246 — Meondrina sinuosa (Vaughan). 



Family 1. PLESIOFTJNGIIDAE. 

Coral solitary or colonial, with additional ridges (dissepiments) 
on the inner wall of the cup between the septa : about 15 genera. 

SlDERABTEEA* 

Blainville. Colony with 
distinct zooids, crowded 
and more or less polyg- 
onal, and forming 
rounded, unbranched 




S. radians (Pal- 
las). Cups about 3 mm. 
by 2 mm., rounded, with 
the fourth cycle of septa 
incomplete : West Indies. 
S. siderea (Ellis 
and Solander) (Fig. 
247) . Cups about 5 mm. by 4.5 mm., subhexagonal, with 4 complete cycles 
of septa: West Indies. 

• See "The Coral Siderastrea," by J. B. Duerden, Pub. Cam. Inst., No. 20, 1904. 



fig. 247 — Siderastrea siderea (Vaughan). 
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Family 2. FUNGIIDAE. (Mushroom Coral.) 

Coral solitary or colonial, often of large size, flat and disc-like in shape 
with numerous septa; the living disc covers the septa and from its surface 
rise very numerous tentacles; the embryo gives rise to a conical coral called 
a trophozooid, the upper part of which expands, breaks off, and becomes 
the adult coral, a process which may repeat itself a number of times: 
about 12 genera. 

Fttngia Dana. Coral solitary and of large size, convex on the 
upper and concave on the lower side; without siphonoglyph : numerous 
species, 1 American. 

F. elegans Verrill. Coral round and thick, about 6 cm. in diameter: 
Gulf of California. 

Subphylum 3. CTENOPHORA.* 

Very soft and delicate jellyfishes which live mostly in the surface 
waters of the sea. The body is usually more or less spherical, pear-shaped 
or cylindrical in shape, and is both radially and bilaterally symmetrical. 
Its outer surface is without hard skeletal structures and bears eight 
longitudinal bands of cilia, which are the characteristic "combs" 
(Fig. 240) and the organs of locomotion. Each of these bands is com- 
posed of a series of transverse plates formed by the fusion of long cilia. 
The animal has an oral and an aboral end which are opposite each other. 
At the former is the mouth, an elongated slit which leads into a deep 
flattened cavity lined with ectoderm, called the stomach. It is into this 
space that the food is taken and digested. At the aboral end of the 
body is a slight cavity which is connected with the eight bands of cilia 
by four ciliated grooves, and in which are calcareous concretions and 
sensory cells. The sense organ thus formed is called the statocyst and 
is an organ of equilibration. 

Many ctenophores have a pair of long retractile tentacles which 
project from a pair of deep pockets in opposite sides of the body (Fig. 
249). These tentacles have short branches or pinnae and their ectoderm 
is provided with numerous peculiar adhesive cells which aid in cap- 
turing and killing the prey; they are very retractile, and can be wholly 
or partially withdrawn into the pockets. Other tentacles and projec- 
tions are also present in certain species. % 

• See "Ctenophorae," by L. Agassis, Contributions to the Natural History of 
the United States, Vol. 3, p. 155, 1860. "Die Ctenophoren des Golfes v. Neapel/' 
by C. Chun, Fauna u. Flora d. Golfes v. Neapel, Vol. 4, 1880. "The Ctenophores of the 
San Diego Region," by H. B. Torrey, Univ. of Cal. Pub., Vol. 2, p. 45, 1904. "Cteno- 
phores of the Atlantic Coast of North America," by A. G. Mayer, 1911. 
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It will be seen that a longitudinal plane passed through the body 
which includes the mouth and stomach divides the body into two sym- 
metrical halves; a transverse plane, on the other hand, reveals a radial 
type of structure. 

The gastrovascular space consists of a complex system of narrow 
tubes (Fig. 248) lined with entoderm which join the inner end of the 
stomach, and communicate with the outside also 
by means of either one or two pores at the aboral 
end of the body. Eight of these tubes which lie 
immediately beneath the eight longitudinal bands 
of cilia form the most important part of the sys- 
tem. The space between these gastrovascular tubes 
and the outer ectoderm is filled with the soft jelly- 
like mesenchyne which differs from the mesoglea 
of the other ccelenterates in that it arises as the 
result of the proliferation of definite cells during 
the early development of the animal; in it are 
nuclei and muscle fibers. 

All ctenophores are hermaphroditic, the gonads 
consisting of a pair of bands, one male and the 
other female, which lie side by side against the 
outer wall of the main longitudinal canals of the 
gastrovascular space, the genital products reaching 

the outer sea water through the mouth. The young animal passes 
through a complex metamorphosis before reaching the adult condition; 
but there is no alternation of generations. Certain genera may exhibit 
pedogenesis, reproducing in the larval stage, and again as adults. 

Ctenophores are common marine animals, often occurring in enor- 
mous schools. They are noted for their delicacy and beauty, the rapidly 
vibrating combs refracting the light and showing a rapid play of 
changing colors. They are also often highly phosphorescent at night. 
Their food consists of crustaceans, fishes, and other small animals, often 
including their own kind. The subphylum contains two classes and less 
than 100 species, 21 of which occur off the Atlantic coast. 

Key to the classes of Ctenophora: 

o, Either tentacles or oral lobes present 1. Tentaculata 

Oi Tentacles and oral lobes absent 2. Nuda 



Fig. 248 — Diagram 
of a ctenophore, show- 
ing the canal system 
(Mayer). 1, aboral end 
with statoeyst ; 2, lon- 
gitudinal canals ; 3, 
oral end of body ; 4 f 
mouth; 5, stomach. 



Class 1. TENTACULATA. 

A pair of long tentacles present, in certain cases in the larval stage 
only, oral lobes being then present in the adult: 3 orders. 
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Key to the orders of Tentaculata: 

ch Body more or less globose or cylindrical. 

b x Long tentacles present 1. Cydippida 

6, No tentacles in adult animal ; oral lobes present 2. Lobata 

a, Body compressed and ribbon-like 3. Cesttda 



Order 1. CYDIPPIDA. 

Body spherical or cylindrical or compressed in the plane transverse 
to the tentacular axis; tentacles very long, on opposite sides of the 
body, springing each from a deep pocket: several families. 

Family PLEUBOBBACHIIDAE. 

Body spherical or ovoid, with the 8 ribs of equal 
length: 4 genera. 

1. Pleubobraohia Fleming. Body but very little 
compressed; combs rather long but not reaching the oral 
or aboral areas: about 8 species. 

P. pileus (Fabriciu8) (P. rhododactyla Agassiz; P. 
bachet A. Agassiz) (Fig. 249). Body about 20 mm. long 
and 18 mm. wide, and very transparent; tentacles about 
15 cm. long and white or rose-colored, with long pinnae : 
from the south side of Long Island to Greenland ; breeds 
in August and September; Europe; Pacific coast. 

P. brunnea Mayer. Body 12 mm. long, ovoid ; stom- 
ach of an opaque yellowish-brown color; each tentacle 
with a knob-shaped end: coast of New Jersey; rare. 

2. Mebtevsia Lesson. Body much compressed, the 
tentacular axis being the wider; the 4 subtentacular 

combs longer than the 4 subventral ones: 1 American species. 

M. ovum (Fabricius). Body about 5 cm. long and ovoid in outline; 
tentacles, combs, and sense organ light pink in color: Arctic Ocean to 
New Jersey; rare south of Cape Cod. 




pileus 
(Mayer) 
T f tentacles ; 
C. combs; 
other refer- 
ences as in 
Fig. 248. 



Order 2. LOBATA. 

Body ovate, compressed in the plane transverse to that of the stom- 
ach; mouth wide, with a large and prominent oral lobe on each side of 
it; at the base of each lobe is a pair of long projections called auricles; 
tentacles of the ordinary kind wanting in the adult, but numerous, deli- 
cate, filamentous tentacles may fringe the margin of the mouth and 
the auricles; aboral sense organs sunk in a pit; a larval cydippiform 
stage present, which has a pair of tentacles issuing from pockets and 
in certain genera may have sexual reproduction: several families. 
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Fig. 250 — Bolinopai* in- 
fundibulum 



auricle ; 
mouth. 



(Mayer). 1, 
2, oral lobe; 3, 



Family 1. BOLINOPSIDAE. 

Oral lobes of medium size ; auricles short : 3 genera. 

Bouhopsis Agassiz (Bolina Mertens). With the characteristics of 
the family; combs not prolonged onto the oral 
lobes: 6 genera. 

B. infundibulum (0. F. Miiller) (B. alata 
Ag.) (Fig. 250). Body up to 15 cm. long, of 
a transparent bluish-white color: from Vine- 
yard Sound to Labrador, often very common 
north of Cape Cod. 

Family 2. MNEMIIDAE. 

Lobes large, each bounded on each side 
by a deep lateral furrow which extends to the 
aboral end of the body; auricles long and 
slender: 4 genera. 

Mvemiopsib Agassiz. Auricles long and 
large ; combs prolonged onto the lobes almost to 
their oral ends: 3 species. 

M. leidyi A. Agassiz (Fig. 251). Body up to 10 cm. long and very 
transparent, at night very phosphorescent: Long Island and Vineyard 
Sounds and south to the Carolinas, often in large 
swarms; often parasitized by a sea anemone, 
Edwardsia leidyi. 

M. garden! Ag. Length 4 cm.; lobes rather 
small and covered with warts; body translucent or 
bluish in color: Chesapeake Bay to Florida; 
abundant. 

Order 3. CESTIDA. 

Body flattened in the plane of the tentacles 
and so enormously extended in the plane of the 
stomach that it has the shape of a ribbon which 
may be a meter or more long by 8 cm. high; 4 of 
the combs (the sub tentacular) are very short, the 
other 4 are very long; tentacles more or less rudi- 
mentary, tentacle sheaths deep : 2 genera. 
With the characters of the order: 2 species. 
0. veneris Les. Venus' girdle. Body transparent, shimmering with 
violet, blue, or green : tropical seas, occasionally brought to our shores by 
the Gulf Stream, fragments of the animal being occasionally seen on the 
New England coast 




Fig. 251 — MnemiopaU 
leidfi (Mayer). 1, au- 
ricle; 2, oral lobe; 3, 

nth. 



Obsttts Lesueur. 
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Class 2. NUDA. 

Tentacles absent: 1 family. 

Family BEBOIDAE. 

Body conical or ovate and compressed, with a mouth and stomach so 
very wide that the body is much the shape of a compressed thimble; combs 

extend the length of the body; a network 
of canals throughout the body which 
ramify off from the gastrovascular canals : 
2 genera with few species; they are cos- 
mopolitan, often occurring in large 
swarms, and are noted for their voracity, 
sometimes swallowing other ctenophores 
larger than themselves. 

Beroe Browne (Idyia FrSminville). 
Body more or less conical or ovoid : about 
14 species. 

B. ovata Chamisso and Eysenhardt 
Body often tapering from the mouth to 
the aboral pole and much compressed, 10 
cm. long, pink in color towards the north, 
milky white towards the south: Chesa- 
peake Bay to Florida; cosmopolitan; 
abundant. 

B. cucumis Fabricius (B. roseola 
Agassiz) (Fig. 252). Body 10 cm. long, 
9 cm. wide and 6 cm. thick and rose color: Vineyard Sound to Labrador, 
often very plentiful towards the north. 




Pig. 262 — Beroe cucumis (Mayer). 
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PHYLUM m. 
VERMES. (The Loweb Wobms.*) 

Worms of primitive structure and often of small size, usually without 
paired locomotors appendages or a distinct head, and with non-metameric 
and often permanently ciliated bodies. The animals are usually sluggish 
of movement and in very many cases either sessile or parasitic. 

The Vermes form a polymorphic group of animals, the eight subphyla 
of which do not necessarily bear a close genetic relationship to one another. 
They, however, have many structural features in common and many of 
the classes bear a definite relation to the trochophore larva which justifies 
the placing of them in a common group. This would rank immediately 
beneath the annelids and the other groups in which the trochophore 
represents an ancestral form. 

The class Vermes, as formed by Linnaeus, included all invertebrate 
animals except arthropods. Lamarck divided the invertebrates into several 
classes, of which one was Vermes, including in it both the unsegmented 
and segmented worms. This arrangement, although it has been followed 
by Claus, Hertwig, and other modern authors, is not now usually adopted, 
and the Vermes, when used as the name of a phylum, generally include 
the lower worms alone. 

The phylum contains 8 subphyla. 

Key to the subphyla of Vermes: 

a, Animals mostly non-burrowing. 
h,. Animals mostly locomotory. 
c x Animals mostly not minute and very often parasitic. 

dx Flattened worms ; very many parasitic 1. Plathklminthes 

rf, Round and thread-like worms; often parasitic .... 2. Nemathelminthes 
c, Animals minute and aquatic. 
d x Crown of cilia at forward end ; animals mostly in fresh water. 

3. TUOCHELMINTHES 

dj No external cilia ; animals marine 7. CHiETOQNATHA 

6, Animals sessile. 

c, Animals colonial ( . . . .4. Bbtozoa - 

c t Animals not colonial. 

dx Animals with a two-valved shell .5. Beachiopoda k 

d t Animals form tubes .6. Phoeonidea 

a, Marine worms which burrow in the sand and mud 8. Sipunculoidba 

• See "Vermes," by H. Pagenstecber and M. Braun, Bronn's Klassen and 
Ordnungen des Thierreichs, Band 4, 1893. "Textbook of the Embryology of Inverte- 
brates, Part I," by E. Korscbelt and K. Heider, translated by E. L. Mark and W. M. 
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Subphylum 1. PLATHELMINTHES. 

Flatworms. Flattened or in some cases cylindrical worms of soft 
texture which are found in the water or in moist earth, or which live as 
parasites in animals or plants. The body is without a distinct head or 
paired appendages and is not metamerically segmented. A body cavity is 
also wanting in most of them, the spaces between the internal organs being 
secondarily filled with a vesicular connective tissue, called parenchyma. 
The outer surface of the body is either & ciliated epithelium or a thick 
unciliated cuticula and no hard skeletal structures are present except 
chitinous hooks and spines. The mouth is usually in the ventral surface 
in the Turbellaria and at the front end of the body in the other groups, 
and an anus is not present, except in the Nemertea. A mouth and an 
alimentary tract are wanting in the tapeworms. The nervous system 
consists of paired cerebral ganglia forming a brain at the forward end 
and nerves extending to various parts of the body. Special sense organs, 
when present, consist of simple eyes, tentacles, or statocysts. The excretory 
system consists of slender tubes extending throughout the parenchyma, 
the final branches of which end in flame cells. It opens to the outside 
either through a single pore or through several paired pores. No special 
respiratory organs are present, and except in the Nemertea, no circulatory 
organs or blood fluid. The reproductive organs are complex, except 
among the Nemertea, hermaphroditism being general. Asexual reproduc- 
tion by budding or fission is common in certain groups. 

History.— Certain of the parasitic flatworms have been known from 
time immemorial. Linnaeus included all invertebrates except arthropods 
(his Insecta) in the class Vermes, one of the orders of which was the 
Intestina, or worms proper. Cuvier (1798) first called attention to the 
fundamental distinction between the unsegmented and the segmented 
worms, to the former of which Rudolphi (1808) gave the name Entozoa, 
most of the unsegmented worms as then known being parasites. It was 
this author who, following however Zeder in his general classifications, 
laid the foundation of pur present classification of parasitic worms, of 
which he formed Ave orders, the roundworms or Nematodes, the Aeon- 
thocephala, the Trematodes, the tapeworms or C est odes, and the bladder- 
worms or Cystici. F. S. Leuckart and von Baer showed that these groups 
did not necessarily bear a genetic relationship to one another. Vogt in 
1851 first joined the four orders of flatworms to form a class which he 

Woodwortta, 1895. "Flatworms and Mesozoa, Nemertlnes, Thread-Worms and 8a- 
gitta. Rotifers," etc, Cambridge Natural History, Vol. 2, 1896. "Lea Ver- 
mldlens," by Delage et Herouard, Trait* de Zool. Concrete, Vol. 5, 1897. "A 
Student's Textbook of Zoology," Vol. 1, by Adam Sedgwick, 1898. "A Treatise on 
Zoology, Part 4," edited by E. Bay Lankester, 1901. 
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called Platelmia, while of the three orders of roundworms he formed the 
class Nematelmia, an arrangement which is still maintained. 

The subphylum contains 4 classes. 

Key to the classes of Plathelminthes : 

Ox No anus; no blood vessels; animals mostly hermaphroditic, with very 
complex genital organs. 
bt Animals with rare exceptions free-living; body ciliated externally. 

1. TUBBELLARIA 

6, Animals parasitic ; not ciliated externally ; mouth when present at for- 
ward end (with some rare exceptions). 
c, Intestine and mouth present; animals small and unsegmented. 

2. Trematodes 
c, Intestine and mouth absent; animals usually long and segmented. 

3. Cestodes 
o, Anus, anterior proboscis, and blood vessels present; animals mostly 

unisexual and free-living, usually long and bandlike 4. Nemebtea 

Glass 1. TUBBELLARIA * 

Soft, free-living flatworms, mostly under an inch in length, which are 
found either in the water creeping slowly over stones or plants or living 
in moist places on the land. The body is flat in shape and usually elon- 
gate, but in some cases nearly circular. The external surface is ciliated 
and from it is exuded the slimy secretion of numerous glands, in which 
are often contained minute rod-like bodies called rhabdites which are pro- 
duced in certain glandular cells either of the integument or of the paren- 
chyma. A few turbeilarians possess functional nettle cells which, however, 
they have acquired from hydrozoans they have eaten, and a few have 
adhesive papillae or suckers. 

No body cavity is present, the spaces between the organs being filled 
with the parenchyma. The mouth (Fig. 263) is usually near the middle of 
the ventral surface but may in the different species vary in position from 
the forward to the hinder end. It opens into a muscular pharynx which 
is usually of large size and one of the most prominent organs in the body : 
it can usually be thrust out of the mouth so as to form a proboscis by 
means of which the animal takes and often digests its food. An intestine 
is not present in the Acasla : in the other turbeilarians it is either a tubular 
or a branched structure. An anus is not present, fecal matter being dis- 
charged through the mouth: in certain cases, however, the intestinal 

• See "Rep. Invert Vine. 8d.," by A. B. Verrill, Rep. U. S. Com. Fish, for 1871 
and 1872. "Beob. tlber die Stisswasser Turbel. Nordam.," by W. A. Silliman, Zeit. 
f. wlsa. Zool., Vol. 41, p. 48, 1885. "Turbellaria," by L. von Graff, Bronn's Kl. u. 
Ord., Vol. 4, Abt 1, Acoela and Rhabdocoelida, 1904-08. "Turbellaria," by same. 
"Die Sfisswasserfauna Deutschlands," 1909. "Vergleicbung der Nordamerlkanischen 
end Earopaischen Turbellarienfauna," by same, Proc. Sev. Int. Zool. Cong., 1910. 
"Acoela, Rbabdoccela, nnd Allceoccela des Ostens der Vereinlgten Staaten," ftc, by 
, Zeit f. wlsa. Zool., Vol. 99, p. 321, 1911. 
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branches open to the outside. The excretory system consists of a median 
canal or one to four pairs of longitudinal canals which open to the 
outside through usually paired pores and numerous small canals which 
penetrate the parenchyma in all directions and end in flame cells. The 
nervous system consists of a pair of ventral nerve cords, the anterior 
ends of which are enlarged to form a brain and which are joined by 
numerous transverse commissures. From the brain nerves go to the eyes 
and tentacles, when these organs are present, and also to the sensitive 
anterior end of the body. 

The reproductive organs are very complex, the animals being with 
rare exceptions hermaphroditic, and differ somewhat in the various groups. 
The genital opening, which is either single or double, is in the ventral 
surface back of the mouth. Most species lay their eggs in capsules 
which are attached to plants or stones. A few reproduce also asexuaUy, 
by transverse fission. 

Habits and Distribution.— Most turbellarians are aquatic animals, 
living either in fresh or in salt water; only the Terricola are terrestrial. 
The largest aquatic form (Leptoplana gigas) may be 15 cm. in length, 
while the largest land turbellarians (Bipaliidae) may be 45 cm. long; the 
smallest forms are of microscopic size. They are with few exceptions 
carnivorous animals, living on small animals of all sorts: a few are 
parasitic. 

History.— 0. F. Miiller in 1776 first separated the turbellarians and 
nemerteans from the other flatworms and placed them in the genus Pla- 
naria. Ehrenberg in 1831 named the group Turbellaria. In 1851 Vogt 
placed it with the other flatworms in the class Platelmia. The present 
arrangement of the group is due principally to von Graff and Lang. 
About 1,100 species of turbellarians are known, grouped in 2 subclasses. 

Key to the subclasses of Turbellaria: 

Ox Minute marine forms without intestine 1. Acckla 

o, Intestine present 2. Ccklata 

Subclass 1. ACCELA. # 

Small, delicate marine turbellarians which are found free-swimming 
and also among the rocks and seaweed along the shore. They are often 
brightly colored, and in one genus at least (Convoluta) the pigment is 
due to a symbiotic alga. No intestine is present, the food, which consists 
of minute animals and plants, being introduced directly into the paren- 
chyma. The mouth is often near the front end of the body, a proboscis 
being often absent. Eyes are usually absent, but a statocyst lies over the 
brain. The reproductive system is simple in structure, in many species 

• See "Turbellaria, I. Acoela," by L. von Graff, Das Tlerreich, 1905. 
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no vasa deferentia or oviducts being present. The subclass contains 2 

families and about 40 species, of which 6 have been found in America. 

Key to the families of Acaela: 

a\ One genital pore present 1. Pboforidax 

a, Two genital pores present 2. Convolutida* 

Family 1. PBOPOBIDAE. 

But one genital pore present; position of mouth various: 5 genera 
and 14 species. 

1. Ohildia von Graff. Mouth in ventral surface behind the middle; 
pharynx absent ; bursa semi- 
nalis absent; 2 male copu- 
latory organs, each with a 
chitinous stilet : 1 species. 

0. spinosa v. Or. (Fig. 
253). Length 1.4 mm.; 
color light yellow: Woods 
Hole. 

2. Avaferub von Or. 
Body elongate; bursa sem- 
inalis and pharynx absent: 
1 species. 

A. gardineri v. Or. 
(Fig. 254). Length up to 
6 mm. ; width 1 mm. ; color 
red, but yellow at the two 
ends: Woods Hole, with 
Polychcerus caudatus, which 
it resembles, but is much 
less numerous than it; 
movements rapid. 

Family 2. CONVOLUTIDAE. 

Two genital pores present, the female pore being in front of the 
male; bursa seminalis present; mouth near the middle of the body: 5 
genera and 25 species. 

1. Aphavobtoxa CErsted. Body cylindrical or flattened beneath 
and narrowed behind; mouth near the middle; statocyst present; eyes 
absent: 2 species. 

A. diversicolor (Erst. (Fig. 255). Body very variable in shape, 
elliptical, with yellow at forward end; middle usually violet; length 
1 mm. ; width .25 mm. : Newport, R. L, and Woods Hole, among algae in 
shallow water, common; Europe, 




Fig. 253 



Fig. 254 



Fig. 253 — Chttdia spinosa (von Graff). 1, sta to- 
st ; 2, ovary ; 3, mouth ; 4, penis ; 5, genital pore. 
erus gardineri (von Graff). 1, stato- 
3, ovary ; 4, genital pore. 



cyst ; 2, ovary ; a 
Fig. 254 — Anaper 
cyst ; 2, mouth ; 
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2. PoLTOHCERUS Mark. Body broad and flat with either one or sev- 
eral caudal filaments: 1 species. 

P. caudatus Mark (Fig. 256). 
Body with parallel sides and a deep 
notch in the hinder margin, from which 
1 to 3 caudal filaments arise; color red; 
length 4 mm. ; width 1.5 mm. : on stones 
along the beach from Casco Bay to 
Long Island Sound; often abundant; 
movements sluggish. 

Subclass 2. COELATA. 

Turbellarians with intestine: 3 

orders. 

Key to the orders of Coelata: . 

Oj Small forms with a straight intes- 
tine 1. Rhabdocceuda 

a, Usually larger forms with branched 
intestine. 
&! Intestine with 3 main branches. 

2. Tbicxadida 
6, Intestine with many large branches. 

3. POLYCLADIDA 




Fig. 255 Fig. 256 

Fig. 255 — Aphanostoma diversicolor 
(▼on Graff). 1, statocyst; 2, female 
genital pore; 3, bursa seminalia; 4, 
male genital pore. Fig. 256 — Poly- 
chorus caudatus (Mark). 1* testis: 
2, mouth ; 3. ovary ; 4, female genital 
pore ; 5, male genital pore. 



Order L RHABDOCCELTDA. (Fig. 257.) 

Marine, fresh-water, and land turbellarians of small 
size in which the intestine is a straight and unbranched 
or at the most only slightly lobed tube or sac; yolk 
glands present or not; either 1 or 2 genital pores pres- 
ent: 23 families, grouped in 2 suborders with over 350 
species, of which about 75 have been found in this 
country; about half the species marine. 

Key to the suborders of Rhabdocaslida: 

Ox Intestine a straight tube 1. Rhabdoccela 

c, Intestine sac-shaped with irregular sides. .2. Allceoccela 




Suborder 1. RHABDOCCELA.* 

Body cylindrical, fusiform, filiform, or lamellate in 
shape; intestine a tube or sac, usually with straight 
sides; usually 2 eyes and occasionally sense pits and 
statocysts present; either a single median or a pair of 
excretory canals present; many forms reproduce asexually, by terminal 
budding: 16 families and 275 species, 48 American. 

• See "Monographle d. Turbellarlen, I. Rhabdoccelida," by L. von Graff, 1888. 



Fig. 257— Dia- 
gram cf a rhab- 
docaelid {Daly ci- 
lia) (von (Jraff). 
1, mouth; 2, 
brain ; 3, intes- 
tlne; 4, yolk 
gland ; B. testis ; 

6, genital pore ; 

7, ovary. 
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Key to the families of Rhabdocoela here described: 

Ox Forward end not in form of a proboscis, or where a proboscis is present 
it cannot be retracted into a sheath. 
&! Ovary and yolk glands not distinct. 

c x Single median excretory trunk present 1. Catenulidak 

c, A pair of excretory trunks present 2. Micbostomidab 

b t Ovary and yolk glands distinct from each other. 

Cx Pharynx sac-shaped and parallel to ventral surface 3. Dalyellhdae 

c, Pharynx rosette-shaped and perpendicular to ventral surface. 

4. Typhloplanidae 
a, Forward end in form of a proboscis which can be retracted into a sheath. 

hi One genital pore present 5. Polycystididae 

6, Two genital pores present 6. Gybatbicidae 



Family 1. CATENULIDAE. 

Mouth in ventral surface near forward end; no preoral branch of 
intestine; pharynx simple; excretory pore at hinder end, with a single 
median excretory trunk; testis and ovary median and single, the former 
in front of the latter; pigment eyes wanting; reproduction asexual as 
well as sexual, chains of individuals forming: 5 genera and about 25 
species, 14 American. 

1. Stehostoxttm* Schmidt. Body colorless; intestine often colored 
brown, reaching almost to the hinder end of the body; a pair of ciliated 
sense pits in front of brain and 1 to 2 pairs of light-refracting organs 
behind it: 16 species, 5 American, all but 
one in fresh water. 

S. leucops (Duges). Chain consisting 
of 8 or less individuals up to 4 mm. long ; 
light-refracting organs concave and 2 in 
number: eastern and central states; Eu- 
rope; common. 

S. grande Child (Fig. 258). Chain 
consisting of 4 to 6 individuals 2 to 2.6 
mm. long; color orange yellow: in fresh 
and brackish water; common. ( "* g^'T'SKrio^Snd 

2. Ehyhohoscolex Leidy. Forward ffrtor^iT 1118 plt8 (8) ; B ' po8 ' 
end of cylindrical body elongated into 

proboscis-like appendage at the base of which are the mouth and a pair 
of sense pits: 2 species. 

R. simplex Leidy. Body yellowish white, 5 mm. long: Philadelphia, 
at the bottom of clear brooks. 

* See "Studies on Regeneration, Fission, and Regulation of Stenostoma," by 
C If. Child, Arch. f. Entwick., Vol. 15, p. 187, 1002. 
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Family 2. MICBOSTOMIDAE. 

Month in ventral surface near forward end; pharynx simple; a pair 
of excretory tubes present; sense pits and usually pigmented eyes pres- 
ent: 35 species, 6 American. 

1. MxOBOSTOXUK Schmidt. Preoral branch to intestine present; 
forward end of body not proboscis-like; hinder end tapering; chains of 
individuals formed: 15 species, in both fresh and salt water. 

M. lineare (0. F. Muller). Body 1.8 mm. long; chain consisting of 

18 individuals 7 mm. long; color yellowish or pink; 2 red eyes present; 

nettle cells present which have been derived from ingested 

hydras; hinder end with a tail on which are adhesive 

papillae: eastern states; Europe. 

M. davenporti von Graff (Fig. 259). Chain consisting 
of 4 individuals 1.5 mm. long; hinder end with numerous 
papillae; body colorless; intestine yellow; eyes absent: 
Long Island and Vineyard Sounds; on ulva and fucus. 

Family 3. DALYELLITDAE. 

Large sac-shaped pharynx present; mouth near for- 
ward end of body; single genital pore present; ovary dis- 
tinct from yolk glands, which are either 1 or 2 in number 
and usually unbranched ; testes paired ; pigment eyes usually 
present ; penis usually with complex chitinous 
parts: about 70 species, mostly in fresh 
water; 17 American. 

Dalyellxa Fleming (Vortex Ehren- 
berg). Body rounded in front and tapering to a point 
behind; body not pigmented but often colored by eoochlo- 
rellae; 2 black eyes present, near which and the forward 
end is the mouth; genital pore in posterior third of body: 
46 species, 13 American, all in fresh water. 

D. armigera (Schmidt). Length 1 mm.; penis with 2 
short chitinous rods, each of which has a spinose terminal 
branch: central and eastern states; common; Europe. 

D. dodgei von Graff (Fig. 260). Penis with chitinous 
parts of unequal size and shape forming a transverse row 
fastened to a basal piece; length 1 mm.: the commonest 
species; eastern states; in fresh and brackish water. 



Fig. 250 

Miorostomum 

davenporti 

(yon Graff). 




Fig. 260 
DolyeWa 
dodgei 
ron Graff). 



(von! 
1, mouth 

2, pharynx 

3, intestine 
4, genital pore 

Family 4. TTPHLOPLANIDAE. 5f ***' 

Pharynx rosette-shaped, springing from the ventral wall of the 
intestine and perpendicular to the ventral body surface; ovary distinct 
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from yolk glands; testes paired; rhabdites usually prominent: 60 species, 
all except one in fresh water, 8 American. 

1. Ttpeloplana Ehrenberg. Excretory ducts open with the mouth 
into a common space, which opens to the outside; without genital 
atrium; dermal rhabdites absent; testes very small, near the pharynx; 
eyes absent: 2 species. 

T. viridata (Abildgaard). Body 1 mm. long, tapering at both ends, 
behind to a blunt point, colorless, but usually colored green by zoochlo- 
rellae; pharynx near middle of body with the genital pore behind it: 
eastern states; Europe. 

2. Oabtrada Schmidt. Excretory ducts open as in Typhloplana; 
with genital atrium; eyes usually absent; dermal rhabdites absent: 27 
species, in fresh water, 1 American. 

0. hofmanni Braun. Body 1.5 mm. long, cylindrical, rounded in 
front, tapering to a blunt point behind; pharynx somewhat in front of 
middle of body and just in front of genital pore: eastern states; Europe; 
abundant. 

3. Mesostoma Ehrenberg. Excretory ducts open as in Typhlo- 
plana; rhabdites very prominent; testes dorsal or lateral to the yolk 

glands; genital pore in hinder third of body; mouth near 
the middle; 2 eyes present; zoochlorellae absent: 13 
species, 2 American. 

M. ehrenberg! (Focke) (If. wardii Woodworth) (Fig. 

261). Body flat, up to 15 mm. long and 4 mm. wide, but 

usually much less, tapering to both ends; forward end 

blunt, hinder end pointed: central states; Europe; vivip- 

iZ arous. 

Family 5. POLYCYSTIDIDAE. 




FT*. 261 
Mesostoma 



Two ovaries, yolk glands, and testes present; forward 
end forms muscular retractile proboscis; rosette-shaped 
pharynx forward of the middle of body; but 1 genital 
(wSSw^Jh* pore: 16 species, 2 American. 
2/kteXine. Phohobhyhchus von Graff. Male genital canal 

with a poisonous spine : 2 species. 
P. helgolandicus (Metschnikoff). Length 1.7 mm.: Long Island and 
Vineyard Sounds to the Arctic Ocean; Europe; common. 

Family 6. GYBATEICIDAE. 

Ovaries, yolk glands, and a single testis present ; forward end forms 
a retractile proboscis; mouth with a rosette-shaped pharynx near 
middle of body; genital pores separate, in hinder part of body; I gejxus. 
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Oybatbix Ehrenberg. With the characters of the family: 2 species. 

G. hermaphroditufl Ehr. Body 2 mm. long and very contractile, 

transparent: in fresh and salt water; eastern states; Europe; very common. 



Suborder 2. ALLCEOCCELA. 

Fresh-water and marine turbellarians in which the intestine is an 
irregular sac or tube often with lateral diverticula; 1 or 2 genital pores 
present; testes and ovaries consist of numerous 
follicles: 7 families with about 75 species, 30 
American. 

Family PLAGIOSTOMIDAE. 

Intestine sac-shaped and without lateral diver- 
ticula; pharynx variable and in forward part 
of the body ; genital pore single 
and in hinder third of body; 
ovary and yolk glands distinct: 
30 species, 10 American. 

Plagiostomttm Schmidt 
Two or 4 eyes present ; pharynx 
large, sac-shaped : 10 American 
species; marine. 

P. wilsoni von Graff (Fig. 
262). Length 1.5 mm.: com- 
mon at Woods Hole. 





Fig. 262 

Plagiostomum 

wiUoni 

(von Graff). 

1. mouth 

2, intestine 

8, genital pore. 



Fig. 203 — Diagram of 
a trielad (von Graff). 
1, brain ; 2, ovary ; 3, 



oik gland; 4, testis; 
5, intestine; 6, phar- 
ynx ; 7, month ; 8, 
penis; 0, genital pore; 
10, vagina; 11, uterus. 



Order 2. TRIOLADIDA. 
(Fig. 263.) 
Marine, fresh-water, and 
terrestrial turbellarians in which 
the intestine is composed of 3 
main trunks with many branches, one trunk extending forwards from the 
pharynx, and the other two backwards ; body flattened, with sensitive lobes, 
projections or tentacles and a pair of eyes at or near the forward end, 
and in certain species a ventrally situated sucker; mouth and genital pore 
in or behind the middle of the body; proboscis well developed: about 430 
species and 6 families grouped in 3 suborders. 
Key to the suborders of Tricladida: 

Oi Aquatic triclads. 

6 t Fresh-water triclads ; planarians 1. Palotiooh 

o, Marine triclads 2. Marioola. 

a, Terrestrial triclads 3. Tebrioola 
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Suborder 1. PALUDICOLA.* 

Planarians. Triclads with a central mouth, a single genital pore 
behind it and an elongate, flattened body, which are found in fresh water 
under stones and on plants, also in wet places under leaves, in mud, etc. ; 
their food consists of crustaceans, snails, aquatic insects, etc., also of 
dead animals, and they are themselves preyed upon by fish, insect larvae, 
etc.; they possess remarkable regenerative powers and certain species 
(Planaria maculata) are known to multiply by fission; the eggs are laid 
in cocoons which are attached to stones and plants: 1 family and about 
100 species, in fresh and often brackish water. 



Family PLANARIEDAR 

With the characters of the suborder: about 6 genera. 
Key to the genera of Planariidae here described : 

Ox Bat 1 pharynx present 

b x Anterior margin rounded or angular 1. Planaria 

6, Anterior end truncated 2. Dendboccelum 

a, Many pharynges present 3. Phagocata 



1. Plaharia 0. F. Miiller. Body elongate, flattened, 
rounded or angular forward, usually with a pair of lateral 
angular projections (auricles), and pointed behind; 2 eyes, 
each in a colorless area; usually a pair of lateral, elon- 
gated, and colorless sense spots near the eye: many 
species, about 9 American. 

P. maculata t Leidy (Fig. 264). Body thin, slightly 
convex, elongate, tapering to the acute tail, 20 mm. long 
or less; head end trapezoidal, wider than the body, with 
an acute median and 2 lateral projections; mouth in 
hinder half; dorsal surface spotted irregularly with black; 
ventral surface whitish: North America; the commonest 
fresh-water planarian. 



Fig. 264 

Planaria 

maculata 

(Wood worth) 

p, pharynx. 



• See "Contributions to the Morphology of the Turbellaria," etc., by W. M. 
Woodwortb, Bull. Mas. Comp. Zool., Vol. 31, p. 1, 1897. "Regeneration in Plana- 
rians," by T. H. Morgan, Arch. f. Entwlckelungsmech., Vol. 10, p. 58. "The Move- 
ments and Reactions of Fresh Water Planarians/' by R. Pearl, Q. J. M. S., Vol. 46, p. 
500, 1903. "The Reactions of Planarians to Light," by H. E. Walter, Jour. Ex. 
Zool., Vol. 5, p. 38, 1907. "Die Sttsswasserfauna Dentschlands : Tricladida," by 
L. Btthmig, 1909. 

t See "The Life History and Normal Fission of Planaria maculata," by W. C. 
Curtis, Proc. Boa. Soc. Nat. Hist., Vol. 30, p. 515, 1902. 
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P. torva M. Schultze (Fig. 265). Body 13 mm. long or le9s; head 
rounded in front and not wider than the body; color brown or black: 
eastern and central states; Europe. 

P. gonocephala Duges (Fig. 266). Body 25 mm. long or less; head 



I 



Fig. 266 Fig. 266 Fig. 267 

Fig. 266 — Planaria torva (Bftbmig). Fig. 266 — Planaria gonocephala (Woodworth). 
Fig. 267—3»lanar& lugubrU (Btthmig). 

as in P. maculata; body with parallel edges as far back as the genital 
pore ; color brown or greenish : eastern states ; Europe. 

P. lugubris Schmidt (Fig. 267). Body 20 mm. long or less; head 

somewhat wider than body, rounded or bluntly triangular; color light 

brown to black; ductus ejaculatorius receives the secretion of numerous 

glands which appear on its inner surface : eastern 

and central states; Europe. 

P. 8implissima Curtis. Body 8 mm. long or 
less, black in color; head end blunt, without lat- 
eral projections; pigment wanting over eyes; 
testes few, 4 to 5 on a side: eastern states. 

P. dortocephala Woodworth (Fig. 268). Body 
elongate, 15 mm. or more long, with acute angular 
front end and a pair of acute angular auricles; 
color brown : Illinois ; common. 

P. morgan! Stevens and Boring. Body 10 
mm. or more long, with a rounded or truncated 
front end, colorless: eastern states. 

2. DEKDBOG02Linc (Ersted. Body elongate 
and flat with a truncated head end which bears a 
large sucker and a pointed tail end; head set off 
by a slight constriction from the body and with let 
pair of short, rounded, lateral projections; mouth near the middle: 
several species. 

D. graffi Wilhelmi (formerly called D. lacteum 0. F. Miiller) (Fig. 
269). Body 10 to 26 mm. long and 3 mm. wide or less, milk white in color 
with the dark-colored intestine showing through; ventral sucker at front 
end; 2 eyes and frequently 1 to 6 accessory eye spots present : eastern states. 



Fig. 268 



Fig. 260 



Fig. 268 

Planaria dortocephala 

(Woodworth). 

Fig. 269 

Dendrocwlum graft 

(Woodworth). 
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3* Psagooata Leidy. Body elongate and flat, with a rounded head 
end and a blunt tail end; many pharynges present which lie in a com- 
mon chamber and when extruded reach the exterior 
through a single orifice, but which open separately into 
the intestine: 1 species. 

P. gracilis* (Haldeman) (Fig. 270). Body 30 mm. 
long and 4.5 mm. wide or less, black in color; 1 large 
pharynx present at the junction of the 3 main intestinal 
trunks and about 22 additional pharynges which are 
joined to the 2 lateral trunks: eastern states, often 
plentiful in brackish water. 

Suborder 2. MARICOLA.f 
Marine triclads. Intestinal branches but little rami- 
fied ; mouth in hinder half of body ; uterus behind genital 
pore: 5 families and about 30 species, which live on 
seaweed, stones, or shells, or are parasitic; 10 species on 
east coast of America. 




Pig. 270 

Phagocata 

gracilis 

(Woodworth). 



1, pharynges 

2, intestine. 




Family 1. PBOCEBODIDAE. 
Body flattened, with otocyst but no sense pits; front 
end more or less truncate, often with a pair of ten- 
tacle-like projections; 2 eyes, at some distance from front end: 2 genera. 
PSOOSBODSS Girard (Gunda O. Schmidt). Body elongate, truncated 
in front with projecting, tentacle-like corners: 16 species. 
P. wheatlandi Girard (Fig. 271). Body elongate, 5 
mm. long and 1 mm. wide, blackish in color; tentacles 
whitish : coast of New England, often common under stones 
and among algae in shallow water; Europe. 

P. warreni (Girard). Front end more or less trun- 
cate; body elongate, yellowish or brownish in color, 4 to 12 
mm. long, and 2 to 3 mm. wide: New England coast; not 
common. 

Family 2. BDELLOUBIDAE.t 
Body elongate and flattened and colorless; 2 eyes present; rhab- 
dites absent; 2 uteri present with independent openings to the outside; 

• See "Contributions to the Morphology of the Turbellaria," by W. M. Wood 
worth, Bull. Mus. Comp. Zool., Vol. 21, p. 1, 1891. 

t See "Marine Planarians of the New England Coast," by A. E. Verrlll, Trans. 
Conn. Acad., Vol. 8, 1803. "Tricladensstudien I. Tricladida maricola," by L. BObmig, 
Zeit. f. wiss. Zool., Vol. 81, p. 344, 1006. "On the N. A. Marine Triclads/* by 
J. Wllhelmi, Biol. Bull., Vol. 15, p. 1, 1008. "Tricladen," by same, Die Fauna u. 
Flora d. Golfes v. Neapel, 1009. 

X See "SyncoBlidium pellucidum," etc., by W. M. Wheeler, Jour. Morph., Vol. 0, p. 
167, 1894. 



Fig. 271 
ProcerodeB 
wheatlandi 

(Verrill). 
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egg capsules attached by a slender pedicle : 2 genera and 4 species, para- 
sitic or commensal on the gills and outer surface of Limulus polyphemus. 
1. Bdelloura Leidy. Anterior end tapering; posterior end wide, 
with a glandular disc for attachment: 3 species. 

B. Candida (Girard) (Fig. 272). Body 15 mm. long, 
4 mm. wide, gray in color; egg capsule 2.5 to 4 mm. long; 
testicular sacs 60 to 100 in number: often very common. 
B. propinqua Wheeler. Body 8 mm. long; testicular 
sacs about 170 in number; egg capsule 1.25 mm. long; not 
so common as the above. 

B. wheeleri Wilhelmi. Body 6 mm. long, 1 mm. wide, 
the greatest width being in front of the pharynx; sucker 
not set off from body: on Limulus; not common. 

2. Synccelxdiuic Wheeler. Body elongate, tapering 
towards both ends, which are blunt; posterior rami of intestine unite, 
forming a single median trunk: 1 species. 

S. pellucidum Wheeler (Fig. 273). Body 3 mm. long; testicular fol- 
licles large, about 14 on each side of the body; egg capsules 
.75 mm. long. 

Suborder 3. TERRICOLA.* 

Land planarians. Intestinal branches simply lobed; 

position of mouth variable; uterus small, behind the genital 

pore; body oval or elongate, and usually brightly colored, 

and with a creeping sole on the ventral surface : 5 families 

and about 400 species which occur mostly in Syncaiidium 
. , ...... pellucidum 

tropical countries, living in damp places. (Wheeler). 



Fig. 272 
Bdelloura 

Candida 
(Verrill). 



Family 1. BIPALIEDAE. 

Body often very elongate, usually brightly colored, and 

with longitudinal or transverse stripes ; head end broadened, 

forming plate with numerous marginal eyes; mouth median 

^ or post-median ; genital pore back of mouth : 4 genera and 

jl about 90 species. 

" Placocephalus von Graff. Body often enormously 

elongate; head plate thin, much broader than long, and 
with a semicircular margin: 15 species. 

P. kewensis (Mosley) (Fig. 274). Body 10 to 20 cm. 

(in some cases 45 cm.) long, narrow and with parallel sides, 

yellowish in color; with 7 longitudinal stripes; sole white: greenhouses in 

America and Europe; native country unknown, although possibly Samoa, 

* See "Monographie d. Turbellarien, II. Tri clad Ida terricola," by L. von Graff; 
Leipzig, 1899. 



Fig. 274 

Placo- 

cephalus 

kewensis 

(von Graff). 
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Family 2. RHYNCHODEMIDAE. 

Body elongate, with more or less parallel sides; head not distinct, 
with 2 spherical eyes near the front end; mouth near the middle: 7 
genera and about 100 species. 

Rhtvchodemus Leidy. Head end very contractile and often ex- 
tended like a proboscis; body more or less cylindrical; eyes small: 35 
species. 

B. gylvaticus Leidy. Body somewhat fusiform, thick, convex above 
and flattened below, 10 mm. long, 3 mm. thick and 1 mm. wide; forward 
end narrowed and very extensile; color gray with two longitudinal 
stripes on the back and a transverse spot near the middle: eastern 
states, in woody places. 

Order 3. POLTGLADIDA * 

Marine turbellarians, often of large size, with thin, leaf -like body; 
intestine with very numerous branches which ramify to all parts of the 
body; eyes numerous; otocysts, tentacles and stiff tactile cilia also often 
present; no yolk glands; 2 genital pores; mouth central or posterior; no 
asexual reproduction: 225 species grouped in 2 suborders. 

Key to the suborders of Polycladida: 

^ No suckers present 1. Acottlea 

a, A ventral sucker present 2. Cotylea 

Suborder L ACOTYLEA. 

Polyclads without a sucker; genital pores near hinder end of body: 

3 families. 

Key to the suborders of Polycladida : 

Ot Two dorsal tentacles present '. 1. Planoceridae 

a, No tentacles present 2. Leptoplanidae 

Family 1. PLANOCEBEDAE. 

Two dorsal tentacles, usually containing ocelli; mouth central; 
copulatory apparatus directed backwards; marginal and cerebral eyes 
present or absent : about 8 genera and 45 species. 

1. Plakooeba Blainville. Body oval or elliptical and flattened; 
tentacles slender, situated at some distance from front end of body with 
a cluster of eyes at the base of each; cerebral ocelli inconspicuous; 
genital pores separate but near together: about 25 species. 

P. nebulosa Girard. Body convex and rather thick, 29 mm. long and 
10 mm. wide, and usually olive green in color with a median dorsal 
stripe; mouth central: Charleston to Cape Cod, under stones. 

• See "Die Polycladlen des Qolfes yon Neapel," etc., by A. Lang, Fauna u. 
Flora d. Golfes v. Neapel, xl Monographic, 1884. 
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P. inquilina Wheeler (Fig. 275). Body oval, 6 mm. long and 4 mm. 
wide; edges remain in contact with the surface over which the animal 
is moving; color grayish: Vineyard Sound, mantle cavity of Fulgur. 





Fig. 275 



Fig. 276 



Fig. 275— Planocera inquilina (Wheeler). 1, tentacle: 2, Intestine; 3, month; 

4, male genital pore ; 5, female genital pore. Fig. 276 — 8tylochu$ 

ellipticus (Verrill). 1, tentacle ; 2, mouth. 

2. Styloohto Ehrenberg. Body oval or elliptical and flat; ten- 
tacles short; pharynx with several accessory lobes; genital pores near 
hinder end of body : 10 species. 

S. ellipticus (Girard) (Fig. 276). Body flat and thin with undu- 
lating margins, 20 mm. long and 6 mm. wide, yellowish-brown in color, 
irregularly radially veined; tentacles small, white, each with a cluster 
of ocelli ; 8 to 12 frontal and cerebral and numerous marginal ocelli pres- 
ent: New England coast, the commonest of the larger 
marine planarians, especially south of Cape Cod. 

Family 2. LEPTOPLANIDAE. 
Body broad, flat, thin, without tentacles; mouth cen- 
tral ; pharynx lobed ; usually 4 groups of ocelli, 2 cerebral 
and 2 dorsal; marginal ocelli sometimes present; male 
copulatory apparatus directed backwards: 4 genera and 
about 60 species. 

Leptoplana Ehrenberg. Body foliaceous with undu- 
lating edges; no marginal ocelli; genital pores rather 
widely separated, the male pore being distant from the 
end of the body: 25 species. 

L. variabilis (Girard) (Fig. 277). Body elliptical, 
18 mm. long and 8 mm. wide, yellowish-brown in color; ocelli conspicuous, 
the cerebral clusters containing about 30 each and the dorsal clusters about 
15: New England coast, often abundant. 




Leptoplana 
variabilis 
(Verrill). 
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L. folium Verrill. Body very changeable, 25 mm. long and 15 mm 
wide, yellowish or pink in color; ocelli very numerous, small, and incon- 
spicuous: New England coast. 

Suborder 2. COTTLEA. 

Polyclads with a sucker in the ventral surface behind the genital 
pores: 4 families with about 110 species. 

Family PROSTHIOSTOMIDAE. 

Body elongate and without tentacles; cerebral ocelli on the anterior 
margin of the body ; mouth immediately behind brain ; pharynx long and 
tubular: 1 genus. 

PEOSTHZOflTOmm Quatrefages. With the characters of the family: 
8 species. 

P. gracile Girard. Body thin and translucent, yellowish-white in 
eolor, 4 mm. long and 1.25 mm. wide; ocelli in 4 groups: New England 
coast; not common. 

Class 2. TREMATODES * 

The flukes. Soft, flat or round worms which live as parasites on 
the skin or gills of fishes and other aquatic animals or in the internal 
organs of vertebrates and also of many invertebrates. The smallest are 
of microscopic size, the largest may be a number of centimeters in 
length. The outer surface of the adult body is an unciliated cuticula in 
which suckers and chitinous hooks or spines are present, which enable 
the animal to fix itself to its host. No body cavity is present, the 
spaces between the organs being filled with the vesicular parenchyma. 

The mouth is at the forward end of the body (except in Bucephalus). 
The intestine is, with a few exceptions, bifurcate and is without anal open- 
ing : the food consists of the blood and other juices of the host. The excre- 
tory system consists of two main portions, the excretory vesicles and the 
excretory tubules. The latter ramify throughout the parenchyma and end 
with flame cells. The former consist of a pair of lateral canals which 
receive the tubules and open to the outside through a pair of anterior pores 
in the Monogenea and a median posterior pore in the Digenea. The nerv- 
ous system consists of a pair of ganglia just back of the mouth which 
are joined with each other by a commissure and of nerves which pass to 

• See "Platbelminthes, I. Trematodes," by M. Braun, Bronn's Klassen, etc., 
Bd. 4, p. 306, 1892. "Die thierischen Parasiten des Menschen," by same, 1903. 
"Illustrated Key to the Trematode Parasites of Man," by C. W. Stiles, Bull. No. 
17, Hyg. Lab., Treas. Dept, 1904. "Index Catalogue," etc., "Trematoda," by same. 
Bull. No. 37, same, 1908. "Trematodes " by M. Lube, Die SUsswasserfauna Deutsche, 
1910. 
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the various organs. Several pairs of large longitudinal nerves pass to 
the hinder part of the body. 

With a few exceptions all trematodes are hermaphroditic, the male 
and female pores being either confluent, in which case a genital atrium 
is often present, or side by side and near together in the ventral sur- 
face. The arrangement of the genital organs is complex and varies 
somewhat in the three orders of trematodes. The egg is composite in 
structure, consisting of an ovum and several yolk cells. 

Habits and Distribution.— The young trematode leads a free life for a 
short time and then seeks its host. The most primitive trematodes are 
external parasites and the entire life may be passed on a single host. 
The higher forms, on the other hand, are internal parasites and live in 
two or more hosts, the adult host being different from the larval host, 
and the passage from one host to the other being accompanied by a 
metamorphosis. The former are called monogenetic and the latter dige- 
netic trematodes. Many of the latter are dangerous parasites to man 
and his domestic animals. 

History.— This class was established in 1808 by Rudolphi, who 
included in it the genera, Monostoma Zeder, Amphistoma Rudolphi, 
Distoma Retzius, and Poly stoma Zeder. It was not until 1858 that the 
distinction between the ectoparasitic and the entoparasitic forms found 
expression in the classification, when P. J. van Beneden formed the groups 
Monogenea to include the former and the Digenea for the latter. In 1892 
Monticelli showed the need of subdividing the Digenea and established the 
following suborders : the Heterocotylea, the Aspidocotylea, and the Malaco- 
cotylea, the first of which coincides with the Monogenea. This subdivision 
was generally adopted, but is now being abandoned in favor of the simpler 
one of van Beneden. The explanation of the complex metamorphosis of 
trematodes was first given by Steenstrup in 1842. Thomas and Leuckart 
discovered almost simultaneously in 1881 the life history of the common 
liver fluke (Fasciola hepatica), and the latter author and Looss have 
played the principal part in the investigation of the entire group. 

About 2,500 species of trematodes are known, which may be 
grouped in 3 orders. 

Key to the orders of Trematodes: 

Ox Ectoparasitic trematodes (except Poly stoma) ; hooks usually present in 

the suckers or sucking discs 1. Monogenea. 

o, Mostly entoparasitic trematodes; no hooks in the suckers or sacking 
discs. 
bx Either a large ventral sucking disc or a midventral row of suckers ; no 

oral sucker 2. Asptoooottlea 

fc> Usually either 1 or 2 median suckers; oral sucker present (except in 

Bucephalus) 3. Digenea 
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Fig. 278 — Diagram of a mono 
trematode (Benham). 



togenetic 
1, mouth ; 2, 
anterior sucker; 3, brain; 4, vagina; 
5, excretory pore ; 6, intestine ; 7, pos- 
terior sucking disc ; 8, book ; 9, genital 
~ re ; 10, excretory canal ; 11, penis ; 
:, vagina ; 13, uterus ; 14, ovary ; 15, 
sperm duct ; 16, yolk glands ; 17, testes ; 
18, genito-intestinal canal. 



The order contains 4 



IS 



Ordeb 1. MONOGENEA * 

Monogenetic trematodes (Fig. 278). Usually external parasites on 
fish and other aquatic animals. Most forms live on but a single host and 
are found most often on the gills, 
being that part of a fish's body where 
the blood is nearest the surface and 
where a parasite is also protected; 
some, however, live in the mouth and 
some in the cloaca. The genus 
Polystoma is entoparasitic. The or- 
gans of attachment are at the extremi- 
ties of the body. At the hinder end 
is a large disc more or less sharply 
set off with either suckers or hooks, 
or both these organs. At the for- 
ward end is usually a pair of suckers 
with the mouth between them. These 
may, however, be absent or their place 
may be taken by a single oral sucker, 
by paired glands, or by tentacle-like structures, 
families and about 500 species. 

Key to the families of Manogenea: 

Ox Large posterior sucking disc without suckers or marginal hooks. 

&i A pair of anterior suckers or sucker-like projections with mouth between. 

1. Tbistomidak 

6, A single anterior sucker, or none 2. Monocotylidae 

o, Disc-like posterior region with either paired suckers or marginal hooks. 

b x Posterior region with suckers 3. Polystomidae 

6, Posterior region without suckers 4. Gybodactylidae 

Family 1. TBISTOMIDAE. 
Mostly broad, flat worms, with a pair of anterior suckers or sucker- 
like membranes, one on either side of the mouth, and a large posterior 
sucking disc in which hooks are often located, the anterior suckers 
being without hooks; a pair of eye spots often present; intestine bifur- 
cate and often much branched; genital pores near the forward end, the 
male and female openings being in some cases separated from each 
other: on the skin or gills of marine fishes or in the mouth or cloaca; 
about 11 genera. 

• "Notes on Trematode Parasites of Fishes," by B. Linton, Proc. 17. 8. Nat. 
Mus., Vol. 20, p. 507, 1898. "Notes on Some Exotic Species of Ectoparasltic 
Trematodes," by S. Goto, Jour. Sci. Coll., Imp. Univ., Vol. 12, p. 263, 1899. 
"Synopsis of the Trematodes, Part I. The Heterocotylea," by H. S. Pratt, Am. 
Nat, Vol. 84, p. 645, 1900. "Fish Parasites of the Woods Hole Region," by B. 
Linton, BulL Fish. Com., Vol. 19, p. 405, 1901. 
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Key to the genera of Tristomidae here described: 
a, Socking disc not set off from body and with 7 radial ridges. . .1. Tbistoma 
o, Sucking disc set off from body and without radial ridges. 
^ Body elongate; sucking disc terminal with many minute hooks. 

2. NrrzBCHiA 

6, Body elliptical ; sucking disc ventral with large hooks 3. Epibdella 

1. Tbistoxa Cu- 
vier. Body very flat; 
circular, or oval, with 
a pair of anterior suck- 
ers and a large ventral 
sacking disc in which 
are 7 radial ridges and 
small hooks; intestine 
with side branches; 
genital pores near the 
margin of the body; 
many testes present: 
about 10 species. 

T. coccineum Cuv. 
(Fig. 279). Body about 
15 mm. long and 16 
mm. wide and red in 
color: on the gills of 
the swordfish. 

8. Nitzschia von Baer. Body elongate, with sucking disc terminal 
and without radii; 2 large suckers at forward end; numerous testes: 1 
species, in salt and fresh water. 

N. sturionifl (Abildgaard) (Fig. 280). Body red- 
dish, 16 mm. long, 5 mm. wide ; sucking disc globose : on 
gills of the sturgeon. 

3. Epibdella Blainville. Body elliptical and flat; 
sucking disc ventral without ridges, but often with 
papillae; 4 small eyes; 2 testes: several species. 

E. bumpusi Linton (Fig. 281). Length 12 mm.; 
width 8 mm. : on skin of Dasyatis centrura; Woods Hole. 

Family 2. MONOCOTYLIDAB. 

Flat and circular or elliptical worms without paired 
anterior suckers and with a single posterior sucking plate, 
which is sometimes very small : on the skin, gills, or in the 
cloaca of marine fishes; 7 genera. 

MoKOOOTYLZ Taschenberg. Sucking disc with 8 radial ridges; 
1 to 3 testes: on the skin or gills of skates. 




Fig. 270 — TrUtoma coccineum (from Bronn) 
References as in Fig. 278. 




Pig. 280 

Nitzschia 

sturionis 

(Monti celli). 

Reference! 

aa In Fig. 278. 
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M. floridana Pratt (Fig. 282). Body 1.3 mm. long and .58 mm. wide; 
oral sucker present; intestinal branches joined at hinder end and pro- 
longed in a median ccecum : on the gills 
of MyUobatis freminvillei. 



Family 3. POLYSTOMIDAE. 

Body flat and broad, with a more 
or less distinct disc or region at the 
hinder end bearing suckers, usually 
paired, the number of which may vary 
from 2 to 120, and also in most cases 
hooks ; anterior suckers either present 
or not: on gills of fishes and in the 
mouth, nose, and urinary bladder of 
amphibians and reptiles; about 21 
genera and 3 subfamilies. 

Key to the subfamilies of Poly- 
stomidae: 

^ Anterior suckers absent ; either 2 or 6 
posterior Backers . 1. Polystoihnae 

a, Anterior suckers present 

&t Posterior suckers 4 to 8 2. Octocotylina* 

o, Posterior suckers very numerous 3. Mioboootylinak 




Fig. 281—BpiMella bumpuH 

(Linton). 

References as in Fig. 278. 




Subtamily 1. POLYSTOMINAK 

Posterior sucking disc distinctly set off and with 
2 or 6 large suckers arranged in pairs and also 2 
or more large hooks ; paired anterior suckers absent : 
about 5 genera. 

1. Polystoma Zeder. Body without anterior 
and with 3 pairs of posterior suckers; vagina paired 
with an opening on either margin of the anterior 
portion of the body: on the gills of frog tadpoles 
as larvae, and in the urinary bladder of amphibians 
and in the mouth, nose, and urinary bladder of 
turtles as adults; 6 species, 3 in America. 

P. oblongum R. R. Wright. Disc attached at 
its anterior end; intestine with no side branches; 
body elliptical; cirrus with 16 spines, alternately 

large and small; length 2.5 mm.; width 1 mm.: in urinary bladder of 

musk, painted, and snapping turtles. 



Fig. 282 
MonoootpU floridana 

References 
as in Fig. 278. 
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P. coronatnm Leidy. Body lanceolate, 6 mm. long, with 3 pairs of 
minute hooks between the anterior pair of suckers, and 1 large and 2 
small pairs between the posterior pair: in the 
nose of the food terrapin. 

P. hassalli Goto (Fig. 283). Body ovate; 1.5 
mm. long and 1 mm. wide; disc hexagonal with 
3 pairs of small hooks between the anterior pair 
and 1 pair of large hooks between the posterior 
pair of suckers; intestine without side branches: 
in the urinary bladder of Kino- 
sternum pennsylvanicum. 

2. Sphy&avtoa Wright 
and MacCallum. Body elon- 
gate with a small posterior 
disc containing 2 large suck- 
ers: 2 species. 

S. osleri Wr. and MacC. 
(Fig. 284). Body tapering at both ends, 4 mm long 
and .6 mm. wide; disc wider than body; testes nu- 
merous: on skin and gills of Necturus maculatus. 

SuBrAMiLY 2. OCTOCOTYLINAE. 

Posterior region with 8 (4) large suckers; paired 
anterior suckers present: about 12 genera. 

Key to the genera of Octocotylinae here described : 

Oj Posterior disc-like region with median 

hooks 1. D180000TTLB 

da Median hooks not present 

2. DlGLIDOPHOBA 



Fig. 283— Polystoma 
hassalli (Goto). 

References 
as In Fig. 278. 





8phvranura osleri 

(Wright and 

MacCallum). 

References 

as In Fig. 278. 



1. DI8C0C0TYLE Diesing. Body 
elongate with small hooks in the poste- 
rior disc; posterior suckers slightly stalked and with 
strong chitinous support; vagina Y-shaped: several 
species. 

D. salmonis Shaffer (Fig. 285). Body lanceolate; pos- 
terior suckers slightly raised and with 1 pair of hooks; 
5 mm. long: on the gills of the rainbow trout. 

2. Diclidophora Goto. Body elongate; posterior 
suckers either stalked or not and acting as pincers; each 

sucker with a chitinous frame work in form of a Greek cross: on the 
gills of the Sparidae and other marine fishes. 



- .„. 285 

Discocotyle 

aalmonia 

(Shaffer). 

References 

as in Fig. 278 
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D. affinis (Linton). Body attenuate, spatulate; anterior portion 
elliptical; posterior portion cylindrical; posterior suckers with long 
stalks; length 12 to 40 mm.: in the mouth of the flounder. 

Subfamily 3. MICEOCOTYLINAE. 

Paired anterior suckers present; posterior disc-like region elongate 
and bearing numerous small suckers, which may be found only on one 
side, making the animal asymmetrical: 4 genera. 

Miosocottle van Beneden and Hesse. Posterior 
region bearing 10 to 120 pairs of minute sessile suckers : 
on gills of marine fishes; many species. 

M. longicauda Goto. Sucker disc more than half 
the length of the body; about 120 pairs of suckers pres- 
ent; 7 mm. long; 2 mm. wide: on the gills of the weak- 
fish; Newport. 

M. pogoniae MacCallum (Fig. 
286). Sucker disc about a third of 
the body; length 12 mm.: on Pogonias 
cr omi8, often very numerous. 

Family 4. GYBODACTYLIDAE. 

Minute forms occurring on the 
gills of fresh-water and marine fishes ; 
body minute, usually without suck- 
ers, but with 2 to 4 retractile ten- 7. 
tacles at the forward end 
and a disc at the hinder end 
armed with numerous hooks: 
about 9 genera. In the genus 
Gyrodactylu8 a curious pedo- 
genesis often occurs. A young individual will come 
to sexual maturity before it is born and while it is 
still in the maternal uterus, and produce young in its 
uterus. This last individual may also have young in 
its uterus, and 4 generations may thus be found, one 
inside of another. 

Gybodactylvb Nordmann. Minute, elongated 

worms with 2 short anterior projections and a posterior disc bearing 

about 16 marginal hooks and 2 large central ones; no eyes present: 

4 species. 

G. elegans Nordmann (Fig. 287). Length 1 mm.; width .2 mm.: on 

the gills and skin of the carp and other fresh-water fishes. 





Fig. 286 — Microcotyle 

pogoniae (MacCallum). 

References as in Fig. 278. 



Fig. 287 — Gyro- 
dactyl** elegans 
(fromBronn). a. p., 
anterior projec- 
tion ; p. p., phar- 
jnx. Other refer- 
ences as In Fig. 
278. 
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Order 2. ASPIDOGOTYLEA. (Fio. 288.) 

Monogenetic and digenetic trematodes which attach themselves to 
their host by means either of a median row of suckers or a very large 
ventral sucking disc in which are sucking pits or de- 
pressions and on the margin of which are often sense 
organs; hooks and anterior suckers not present and 
intestine not bifurcate: in the intestine of fishes and 
reptiles and in mollusks and crustaceans; 1 family and 
a small number of species. 

Family ASPIDOBOTHRIDAE. 

With the characters of the order: 8 genera. 

Key to the American genera of Aspidobothridae : 

Ox Body cylindrical with a midventral row of suckers. 

1. Stichocottle 
a, Large ventral sucking disc containing 3 or 4 longitu- 
dinal rows of depressions. 
6 t Three rows present. 
Cx Median depressions very elongate transversely, the 

lateral depressions being round 2. Cotylogasteb 

Of All the depressions transversely elongate. 3. Cottlaspis 
o, Four rows present 4. Asfidooasteb 




Fig. 288 

Diagram of the 

Aepidocotylea 

(Aepidogaster) 

(after Benbam). 

1. mouth 

2, intestine 

8, genital pore 

4, ovary 
6, yolk glands 

6, uterus 

7, testis 
8, ventral suckers 

or sucking disc 



1. Stichocottle Cunningham. Body cylindrical 
and elongate with a midventral row of 20 to 30 suckers extending the 
length of the body: 1 species. 

S. nephropis* Cunn. (Fig. 289). Length of adult 17 to 105 mm., 
with 20 to 27 suckers; length of the larva 3 to 7 mm., 
with 7 to 22 suckers: adult lives in the liver of Raja 
and the larva encysted in the intestinal walls of lob- 
sters and large crabs on the Atlantic coast; Europe. 

2. Cotylogasteb Monticelli. Sucking disc long 
and narrow with 2 lateral rows of round depressions 
and a median row of very elongate transverse depres- 
sions; 2 testes; marginal sense organs: 2 species, in 
the intestine of marine and fresh-water fishes. 

0. occidentalisf Nickerson (Fig. 290). Sucking disc with 132 to 144 
depressions; length 10 mm.: in the sheepshead in Minnesota. 




Fig. 289 

Stichocotple 

nephropis; 

a larva from a 

lobster 

(Nickerson). 

References 

as in Fig. 2S8. 



* Bee "Ueber die geschlechtsrelfe Form von Stichocotyle nephropis Cunn./* by 
T. Odhner, Zool. An*., Vol. 21, p. 500, 1808. 

t "Cotylogaster occidentals n. sp. and a Revision of the Family Aspido- 
bothridae," by W. 8. Nickerson, Zool. Jahrb. Abt. f. Sys., Vol. 15, p. 607, 1902. 
"Synopsis of the Trematodes, Part II, The Aspidocotylea,*' etc., by H. 8. Pratt; 
Am. Nat, Vol. 36, p. 887, 1002. 
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Cotylogaater 

occidental^ 

(Nickerson). 

References 

as in Fig. 288. 



Fig. 291 

Cotylaspis 

insignia 

(Osborn). 

References 

as in Fig. 288. 



S. Cotylaspis Leidy. Sucking disc broadly elliptical with 3 rows 
of transversely elongated depressions; marginal sense organs and 2 eyes 
present: in the mantle cavity of mussels and the intes- 
tine of turtles; 2 species. 

0. insignia Leidy (Fig. 291). Length 1.8 mm.; num- 
ber of depressions about 29 : on the kidney 
of Anodonta; common. 

4. Aspidooaster von Baer. Small 
worms in which the body consists of a cyl- 
indrical anterior portion and a very large 
elliptical ventral disc in which are 4 longi- 
tudinal rows of sucking depressions, num- 
bering 64 to 120 and with marginal sense 
organs ; 1 testis : in the intestines of fishes 
and in fresh-water pelecypods and marine 
gastropods; several species. 
A. conchicola v. Br. (Fig. 292). Body elongate; number of depres- 
sions about 64; length 3 mm.; 34 marginal sense organs: mostly in the 
liver, pericardium, and kidney of Unio and Anodonta; Europe. 

Order 3. DIGENEA.f (Fig. 293.) 
Entoparasitic, digenetic trematodes living in two or 
more hosts, to which they attach themselves by means of 
either one or two median 
suckers. One of these is al- 
ways an oral sucker and at 
the front end of the body, ex- 
cept in Bucephalus; the second 
sucker, when present, is either 

on the ventral surface or at the hinder end 

of the body and is called the acetabulum. 

A few blood-infesting forms are without 

suckers. In the Holostomidae an additional 

organ of attachment in form of a large disc 

or projection back of the acetabulum is also 

present. Hooks are never present in con- 
nection with the suckers but in some cases 

with the genital organs, and the body is 

often covered with small spines. The median 




Aapidogaster 
conchicola 

(Monticelli). 

References 

as in Fig. 288. 




Fig. 293 — Diagram of a 
digenetic trematode (Ben- 
bam, altered). 1, oral suck- 
er ; 2, brain ; 3, genital 
pore ; 4, intestine ; 5, cir- 
rus; 6, receptaculum semi- 
nis ; 7, acetabulum ; 8, ovary ; 
9, excretory canal; 10, Lau- 
rer's canal ; 11, yolk glands ; 
12, testis; 13, excretory 
pore ; 14, uterus. 



• See "On the Habits and Structure of Cotylaspis inslgnis," etc., by H. L. 
Osborn, Zool. Jabrb. Abt. f. Anat., Vol. 21, p. 201. 

t See "Synopsis of tbe Trematodes, Part II. Tbe Aspldocotylea and tbe Mala- 
cocotylea,*' etc., by H. S. Pratt, Am. Nat, Vol. 36, p. 887, 1902. 
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excretory pore is at the hinder end of the body and the genital pore is 

in the ventral surface or on the margin of the body. Special sense 

organs are with rare exceptions absent. The life history is known of 

bat very few trematodes. The young animal passes out of the host in 

the egg, on leaving which it is usually a ciliated larva called the 

miracidium; this larva seeks an intermediate 

Jji&k 1 host, often a mollusk, in the body of which it 

$j$jA passes its larval life, living actively or encysted 

/rc&ya / in some of the compact tissues. It here 

\g&£v passes through one or more metamorphic stages 

\gam which finally result in the production of young 

_J*iy^^ individuals, called cercariae, each of which has 

y^^^^^^vV usually a locomotive tail (in Bucephalus two) 

(if Fig. 294 \\ (Fig. 294), which sometimes seek still another 

// Cercaria of \\ intermediate host, and are destined to develop 

{!) (Tennent). \\ into the adult worms. If, now, the host harbor- 

J-l 1, mouth; 2, \\ . Jt , , , , •.,,,„« 

/■' cyst - forming \| ing these larval worms be devoured by the final 
// gland; 3, tail; \V , * xl _ . A xl _ .\ A . 

W 4, intestine. \^ host, the young worms pass mto the intestine or 

some other hollow organ of the latter and become 
mature. Tailless cercariae, which are quite numerous, do not leave the 
first intermediate host, but pass directly with it into the final host. 
Digenetic trematodes are common parasites, the adult worms being 
found in almost all vertebrate animals. The larval worms are usually 
found in snails, small fish, and other small animals. Some of them are 
dangerous parasites to man and his domestic animals. The order con- 
tains about 2,000 species, grouped in 2 suborders. 
Key to the suborders of Digenea: 

Oi Mouth median in position 1. Gastebostoicata 

o, Mouth anterior in position , .2. Pbostomata 

i 
Suborder 1. GASTEROSTOMATA. 

Mouth in the middle of the ventral surface; intestine sac-like and not 
bifurcate: 1 family. 

Family BUCEPHALIDAE. 

But one sucker present which is at the front end of the body; month 
in the middle of the ventral surface; intestine sac-like and not bifurcate; 
genital pore at hinder end: in intestine of fish, in both fresh and salt 
water; the larval forms in bivalve mollusks; 2 genera. 

Bucephalus von Baer (Gasterostomum von Siebold). Yolk glands 
in two distinct groups of follicles; male genital pore at end of a papilla: 
numerous species. 
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B. gradlescens (Rudolphi) (Fig. 295). Length 1.4 mm.; width .5 
mm.: in Tylosurua marinus and other marine fishes; larva (Fig. 294) in 
gonads and other organs of the oyster, often causing 
death. 

Suborder 2. PROSTOMATA. 

Month at the anterior end, in the oral sucker; in- 
testine bifurcate (with a few exceptions) : 4 divisions. 

Key to the divisions of Prostomata: 

a, But 1 sucker present 1. Monostomata 

o, Two suckers present. 

6i Acetabulum at hinder end 2. Amphistomata 

b t Acetabulum in ventral surface. 
Ox Additional organs of attachment not present 

3. Distomata 
c, Additional sucking disc or projection present 

4. HOLOSTOMATA 




Fig. 205 

Bucephalus 

gracilesoena 

(Tennent). 

1, sucker ; 2, month. 

Other references 

as in Fig. 293. 



Division 1. MONOSTOMATA. 



Oral sucker alone present; arrangement of organs similar to that of 
the Distomata: in vertebrates, especially birds and sea turtles; several 
families. 

Family 1. CYCLOOCELIDAE. 

Large trematodes in which the intestinal trunks 
join at the hinder end; genital pore in anterior half 
of the body; ovary in front of testes: in the air 
passages of birds ; 6 genera. 

Oyolocceluk Brandes. Intestinal trunks with- 
out lateral branches; uterus entirely between the 
trunks: 10 species. 

0. mutabile (Zeder). Body elongate, attenuate 
forward and about 18 mm. long; testes small, the 
hinder one near the juncture of the intestinal trunks: 
in Gallinago and other birds. 

Family 2. PRONOCEPHALIDAE. 

Body usually elongate, with a collar-like rim 
around the head; testes and ovary in hinder end of 
body, the testes being in same transverse plane with 
the intestinal trunks between them: in turtles. 

Pbohooephalvb Looss. With the characters of 
the family: several species. 
P. renicapitis (Leidy) (Fig. 296). Length 25 mm.; width 3 mm.; 
testes lobate: intestine of Sphargis coriacea. 




F1* . 296 — Prono- 

cephalus renicapitia 

(Braan). 

References 

as in Fig. 293. 
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Division 2. AMPHISTOMATA. 

Body often more or less conical, with the oral sucker at the front 
end and the acetabulum at the hind end of the body; intestine bifur- 
cate, the pharynx often having a pair of lateral pockets; testes 1 or 
2 in number, large, and situated in front of the small ovary; yolk 
j glands usually large; genital pore in the forward 

part of body: in all classes of vertebrates, usually 
in the digestive tract; 3 families. 

Family PABAMPHISTOMIDAE. 

With the characters of the division: 8 genera. 
1. PABAMPKXBTOinrac Fishoder. Oral sucker 
rudimentary; acetabulum large, with the excretory 
pore just dorsal to it; no pharyngeal pockets: in 
the stomach and intestine of 
vertebrates, principally mam- 
mals; about 25 species. 
P. cervi (Zeder) (P. conicum Zed.) (Fig. 
297). Body conical, 10 mm. long: in stomach of 
sheep and cattle; rare in this country. 

2. Diplodisotts Diesing. Acetabulum large, 
with the excretory pore in its center; pharyngeal 
pockets present: in rectum of amphibians; sev- 
eral species. 

D. temporatus* Stafford (Fig. 298). Body 
conical; about 3.6 mm. long: in rectum of frogs; 
not uncommon. 




Fljr. 297 — Param- 

pnUtomum oervi 

(from Braun). 




Fig. 208— Dlplodlsou* 

temporatus (Cary). 

References 

as in Fig. 293. 



Division 3. DISTOMATA.t 

Body flattened or cylindrical and often cov- 
ered with minute spines, with the oral sucker 
at the front end and the acetabulum in the ven- 
tral surface; intestine, with a few exceptions, 

bifurcate, the 2 trunks being either short or long and branched or 
simple; usually a pair of testes (in a few species several pairs) ; a single 
ovary, which is smaller than either testis, and often a large receptaculum 

* See "The Life History of Dlplodlscus temporatus," etc., by L. R. Cary, Zool. 
Jahrb. Abt f. Anat, Vol. 28, p. 595, 1909. 

t See "An Inventory of the Genera and Subgenera of the Trematode Family 
Fasclolldae," by C. W. Stiles and A. Hassall, Arch, de Paras., Vol. 1, p. 81, 1898. 
"Weitere Beltr&ge sur Kenntniss der Trematodeo Fauna <£gyptens," etc., by A. 
Looss, ZooL Jahrb. Abt. f. Sys., Bd. 12, p. 521. "Nachtr&gllche Bemerkungen," etc., 
by A. Looss, ZooL An*., Bd. 23, p. 601, 1900. 
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seminis present; the uterus is a long tube, containing eggs; yolk glands 
either branched or compact: parasitic as adults in the intestine and 
other hollow organs of vertebrates; over 1,700 species, the family rela- 
tionships of which are as yet more or less obscure. 
Key to the genera of Distomata here described: 

a, Hermaphroditic distomes. 
&i Ovary in front of testes. 
Cx Uterus does not extend back of testes. 
dx Intestinal trunks with lateral projections ; ovary and testes branched. 

1. Fasciola 
4, Intestinal trunks without lateral projections. 

«x Genital pore back of acetabulum 2. Pabagonimus 

e. Genital pore not back of acetabulum. 
fx Mouth surrounded by spines. 

g x A single row of spines 3. Echinostoma 

A A double row of spines 4. Stephanochasmus 

/, No spines around the mouth. 

g x Excretory vesicle winds between the testes 5. Amphimebus 

g t Excretory vesicle does not wind thus 6. Aztoia 

c, Uterus extends back of testes. 

dx Month surrounded by 6 long papillae .7. Bunodeba 

dx No such papillae. 
ex Intestinal trunks reach to about the middle of the body. 

fx Yolk glands branched and in middle area of body 8. Reniteb 

/, Yolk glands compact and at end of body 13. Microphallus 

e» Intestinal trunks reach the rear end of body. 
fx Genital pore near front end of body. 
ffx Genital pore near pharynx ; in lungs of frogs and toads. 

9. PNEUMONCECE8 

g, Genital pore in front of oral sucker 10. Cephalooonimus 

/ t Genital pore near acetabulum ; yolk glands compact and lobate. 

g v Testes 2 in number 11. Gobgodehiha 

g t Testes 9 in number 12. Goboodbba 

bt Ovary behind testes. 

Ox Hinder end of body not telescopic 14. Halipbgus 

Ci Hinder end telescopic 15. Hemiubus 

h* Ovary between the testes 16. Clinostomum 

o, Unisexual distomes 17. Schistosoma 

1. Fasciola L. Body broad and leaf-like, covered with minute 
spines and with a short conical anterior end at the base of which is the 
acetabulum; intestine, excretory vesicles, and genital glands richly 
branched; genital pore in front of acetabulum: in liver of herbivores; 
about 4 species. 

F. hepatica L. Liverfluke. Length 18 to 50 mm.; width 4 to 13 
mm.; conical anterior end distinctly set off; body thin and flat: in the 
gall passages of cattle, sheep, man, and other animals, causing 
liver rot, which is often very fatal to herds ; intermediate host a snail of 
the genus Lymnaea; cosmopolitan, but rare in America, except in southern 
Texas, in Florida, and a few other places. 
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P. magna* (Bassi) (Fig. 299). Length 20 to 100 mm.; width 11 to 
26 mm.; body flesh-colored and thick, with anterior end not distinctly 





Pig. 



Fig. 299 Fig. 300 

299 — Fasciola magna (from Ward). References as in Fig. 293. 
Paragonimus westermani (from Ward). References as in Fig. 



Fig. 
293. 



300— 



set off: in the gall passages of cattle; common in the southwestern 
states; life history unknown. 

2. Paraoonimtts Braun. Genital pore 
just behind the acetabulum; body thick, 
ovoid; intestinal trunks long and un- 
branched; testes lobate; yolk glands very 
voluminous ; uterus very short : encapsuled 
in the lungs of mammals; 1 species. 

P. westermani (Kerbert) (Fig. 300). 
Body red in color, 8 to 20 mm. long; 4 to 
8 mm. wide: in lungs of cats, dogs, and 
in eastern Asia, in man. 

3. Echinostoma Rudolphi. Body 
elongate and spiny ; acetabulum near front 
end; mouth surrounded by a reniform 
ridge in which is a row of spines, inter- 
rupted midventrally : many species. 

£. echinatum (Zeder). Number of 
spines about 37; body 18 mm. long; 
1.5 mm. wide: in intestine of ducks, 
chickens, geese, and swans. 

4. Stephakochasmtts Looss. Body 
elongate and spiny; acetabulum near for- 
ward end; mouth surrounded by 2 rows of spines: several species, in 
fishes. 

• See "The Anatomy of the Large American Fluke," etc., by C. W. Stiles, Jour. 
Comp. Med., etc., March, 1894— May, 1895. 




Fig. 301 

Stephanochasmus casus, 

with extended cirrus (Pratt). 

P.D., prepharynx ; Ph., j)harynx. 



her references as In ] 
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8. casus Linton (Fig. 301). Number of spines 36, 18 in each row; 
body 6 mm. long; 1 mm. wide: in rectum of the gray snapper. 

5. Amphmebus* Barker. Body lanceolate; acetabulum in forward 
half with the genital pore in front of it; ovary near the center of the 
body; yolk glands divided into two regions; testes, which 

may be lobate, in a row behind it with the excretory 
vesicle winding between them: several species, in land 
vertebrates. 

A. psendofelinens (Ward) (Fig. 302). Body not 
spinose; length 10 to 21 mm.; width 1 to 2.5 mm.: in the 
liver of cats. 

6. Aztoxa Looss. Body elongate; acetabulum near 
the middle, ovary far back of it, and between the two 
is the uterus; testes back of ovary: in fish. 

A. loossi Marshall and Gilbert. Length 6 mm.; 
breadth I> mm.; body not spinose; yolk glands back of 
acetabulum: in mouth and stomach of wide-mouthed black 

bass, pike, and dogfish. 

7. Bvnodsea Raillet. Body 
ovate; mouth surrounded by 6 con- 
tractile projections; acetabulum near 
center of body, with genital pore in 
front of it; testes in hinder part of 
body; uterus sac-like: in fresh-water 
fish. 

B. nodnlosa (Zeder). Length 1 to 3 mm.: in 
the intestine of the perch and other fishes; inter- 
mediate host the crayfish, being found in cysts in 
various organs. 

8. REHiTEBf Pratt. Body elongate and spinose; 
acetabulum near the middle of the body with the 
genital pore between it and the oral sucker; ovary 
just back of acetabulum; testes lobate and just 
back of ovary : in reptiles. 

B. ellipticufl Pratt (Fig. 303). Body elliptical; genital pore at left 
edge of body; 4 mm. long: in mouth of Heterodon platyrhinus, the blowing 
viper, and other snakes. 

9. PvEUicovaECSBt Looss. Body elongate; suckers small, acetabu- 

• See "The Trematode Genua Opistorchis," by P. D. Barker, Arch. d. Paraslt, 
Yd. 14, p. 513, 1911. 

f 8ee "Descriptions of Four Distomes," by H. S. Pratt, Mark Ann. Vol., p. 25. 
1903. 

t See "On tbe American Representatives of Distomum variegatam," by J. 
Stafford, ZooL Jahrb. Abt. f. Sys., Bd. 16, p. 895, 1902. 
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Fig. 302 

Amphitnerus 

pseudo- 

Jelincus 

(Ward). 

References 

as in Fig. 293. 



Fig. 303 — Rcnifer 

clUptieus (Pratt). 

References 

as in Fig. 293. 
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Iran, often minute; ovary and testes back of acetabulum; large recep- 
taculum seminis present; uterus usually in longitudinal folds: in lungs 
of amphibians; 8 species. 

P. similiplexus (Stafford) (Fig. 304). Length 8 mm.; width 2 mm.; 
body spinose; testes small; uterus very voluminous and dark-colored: 
in the lungs of frogs and toads. 

10. Oefhalooohdcus Poirier. Body broad, 
spinose; acetabulum near center of body; yolk 
glands; genital pore in front of oral sucker; 
excretory vesicle extensively branched; ovary just 
back of acetabulum and testes back of it: in 
turtles. 

0. vesicauduB Nickerson. Body elliptical, 2 mm. 
long: in intestine of soft-shell turtles in Minnesota. 

11. Gobgoderxha Looss. Body elongate and 
without spines; acetabulum large and in forward 
half of body; back of it are the yolk glands, which 
are a pair of compact bodies; the ovary is back of 
these; testes 2 in number; uterus fills the hinder 
half of the body: 4 species, in urinary bladder of 
frogs and toads. 

G. tranflludda (Stafford) (Fig. 305). Body 
widest in the middle and tapering to 
both ends; 9.5 mm. long and 1.2 mm. 
wide: in the toad and the spring 
frog. 

12. GORGODEBA Looss. Like Gorgoderina, but with 
9 testes in 2 rows in the hinder half of the body: 2 
species. 

G. amplicava Looss. Body widest in middle; acetabu- 
lum very large; length 3.75 mm., and .75 mm. wide: in 
the urinary bladder of the bullfrog. 

13. Microphallus Ward. Body broad with blunt 
ends; intestinal cceca very short and not reaching acetabu- 
lum; yolk glands lobate, in hinder part of body; genital 
pore at left of acetabulum: in fresh- water fish. 

M. opacus (Ward) (Fig. 306). Length 1.7 mm.; 
width 1 mm.; oesophagus very long: in intestine of Amia 
calva; intermediate host Cambams propinquus. 

14. Halxpegttb Looss. Body elongate; acetabulum in middle of 
body; yolk glands 2 compact lobate bodies near hinder end; ovary in 
front of them and testes in front of ovary: in amphibians. 




Fig. 804 
Pneumonwcc* 



aimiliplexus 
(Staffor 
References as in 



(Stafford). 

rerences as 

Fig. 293. 




Fig. 305 

Oorgodorina 

translucida 

(Stafford). 

Reference* 

as in Fig. 293. 
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Fig. goo — Microphalli** 
opacus (Ward). 

References 
at in Fig. 293. 



H. occidualia Stafford. Body 6 mm. long; 1.5 mm. wide; testes in 
oblique plane near acetabulum: in the mouth of frogs. 

15. HsxnjBTTB Rudolphi. Small, cylindrical worms, the hinder end 
of whose bodies forms an appendix which can 
be in vagina ted; cuticula transversely striped; 
yolk glands compact, behind ovary, which is just 
behind the testes: in fish. 

H. appendicular (Rud.). Appendix from 
a third to twice the length of the body; acetabu- 
lum much larger than oral sucker; yolk glands 
spherical; 6 mm. long: in digestive tube of her- 
ring and other marine fish; intermediate host 
usually copepods. 

16. OLnroBTOXTJic Leidy. Elongated worms 
with mouth surrounded by a circular ridge; ovary 
between the testes in middle of body; intestine 
without pharynx and with side projections: in 
mouth of birds; about 10 species. 

C. marginatum (Rudolphi) (Fig. 307). Body 6 to 10 mm. long; 
1 to 2 mm. wide; yolk glands voluminous: in Ardea and other birds; 
intermediate host, the 
sunfish and other fishes. 

17. Schistosoma 
Weinland. Sexes sepa- 
rate; acetabulum near 
front end; male is larger than the 
female and has a deep groove in 
its ventral side in which the fili- 
form female lies: several species, 
in blood of mammals in tropical 
countries. 

8. haematobium (Bilharz) 
(Fig. 308). Body cylindrical; 
length of male 14 mm.; length of 
female 20 mm: in the blood of 
man, chiefly in Africa, occasionally 
in this country. 




I- 




Fig. 307 

Clinostomum 

marginatum 

(Osborn). 

References 

as in Fig. 293. 



Division 4. HOLOSTOMATA. 



Fig. 308 
Schistosoma 
haematobium 

(Looss). 
1, oral sucker ; 

2, acetabulum ; 

3, male Individ- 
ual ; 4, female 
Individual. 



Digenetic trematodes with an oral sucker and an acetabulum, and 
in addition a large variously constructed adhesive ventral disc or pro- 
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jection situated just back of the acetabulum; body in most cases made 
up of 2 distinct regions, a wider anterior portion containing the 2 
suckers and the disc, the lateral edges of which are often rolled in 
ventrally and medially, and a posterior portion containing the genital 
organs; the genital openings being at the hinder end in a deep depres- 
sion called the bursa copulatrix; the arrangement of the internal organs 
is similar to that of the Distomata: in the intestine of vertebrates, princi- 
pally mammals and birds; about 6 genera and 60 species. 
Key to the genera of Holostomata here described : 

Oj Lateral edges of anterior portion not rolled in medially. . . .1. Dtplostomuic 

a, Edges of anterior portion rolled in. 

b x Anterior portion trough-shaped 2. Hemistomum 

6, Edges of anterior portion fused mid ventrally 3. Strigea 

1. DlPLOSTOXTTM Nordmann. Body composed of 2 distinct portions; 
a large sucking disc back of the acetabulum: in the intestine of the 
Crocodilia and of birds; intermediate hosts, fish; about 15 species. 

D. grande Diesing. Oral sucker and acetabulum small; sucking 
disc at the bottom of a deep cavity, the opening of which is on a conical 

projection just back of the acetabulum; 
length 4 mm.: in the intestine of the 
snowy owl. 

2. HEmsTOXTOC Diesing. Anterior 
portion of body flattened, the lateral 
edges being prolonged medially, forming 
a trough; behind the acetabulum and 
sometimes projecting over it is an elon- 
gated adhesive elevation: in the liver of 
birds and mammals; about 15 species. 

H. alatum (Goeze) (Fig. 309). 
Length 6 mm.; acetabulum smaller than 
the oral sucker, at each side of which 
is a crescent-shaped opening of glands: 
in the stomach and intestine of the fox 
and dog. 

3. Strigea Abildgaard (Eolostomum Rudolphi). Lateral edges of 
the forward portion of the body prolonged medially and joined mid- 
ventrally, making this part of the body cup-shaped; behind the acetabu- 
lum is a conical adhesive elevation in a deep cavity: in the intestine of 
birds, rarely in fish and amphibians; about 30 species. 

8. variegata (Dujardin) (Fig. 310). Conical elevation usually pro- 
jecting from the cup; length 6 mm.; testes branched; genital bursa at 
hinder end: in gulls, grebes, and loons. 





Fig. 309 



Fig. 310 



Fig. 309 — Hemistomum alatum 
(Brandes). a, adhesion elevation. 
Other references as in Fig. 293. 
Fig. 310 — Strigea variegata (Bra ti- 
des), a, adhesion elevation; m, 
mouth ; b, genital bursa ; c, cup- 
shaped anterior end. 
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Class 3. CESTODES.* (Tapeworms.) 

Soft, flat parasitic worms in which the body is made up of two 
distinct parts, a head or scolex and a strobila. The scolex contains 
either simple or complex suckers and often hooks, the organs of attach- 
ment : the strobila is composed of a series of similar segments or proglot- 
tid^ each of which contains a complete set of male and female genital 
organs. In the simplest cestodes, however, no segmentation of the body 
occurs and but one set of genital organs is present (Fig. 312). The 
cestodes are digenetic entoparasites which, with a few exceptions, live in 
two different hosts; as adults they live in the intestine of a vertebrate as 
final host, and as larvae in the muscles or some other compact tissues of 
an intermediate host The latter is some animal which is preyed upon or 
occasionally eaten by the final host. 

The scolex is without a mouth or organs of special sense. The suckers 
are mostly 2 or 4 in number; their place is sometimes taken by variously 
formed sucker-like projections called bothria (Fig. 319). Accessory 
suckers (Fig. 318) are also sometimes present, and in a few forms the 
entire scolex is absent or rudimentary and the anterior proglottid^ are 
modified to form a so-called pseudoscolex, by means of which the animal 
attaches itself. Hooks are often present on the scolex to assist the para- 
site in maintaining its position. In the Tceniidae they are situated on a 
central elevation called the rostellum, and in the Ehynchobothmdae on 
four long retractile projections called proboscides. 

Behind the scolex is usually a narrow unsegmented region called the 
neck, after which come the proglottides or segments, which are derived by 
a process of terminal budding from the scolex and may number from 
three to several thousand in number, in the different species. The seg- 
ments nearest the scolex are the youngest and smallest, those at the oppo- 
site end of the strobila are the oldest and the largest. In Crossobothrium, 
however, and probably also in other cestodes, a different and much more 
complex method of growth has been observed,f new segments budding 
towards the scolex as well as away from it The genital organs are usually 

• See "Die Paraslten dea Menschen," etc., by R. Leuckart, 1879. "Cestodef," 
by M. Braun, Bronn's Klassen, etc., Bd. 4, p. 927, 1894 to 1900. 'Tapeworms of 
Poultry/' C. W. Stiles, Bull. No. 12, Bureau An. Ind., 1896. "Parasites of Fishes 
of the Woods Hole Region," by B. Linton, BnU. U. S. Fish. Com., Vol. 19, p. 405, 
1900. "Die thlerlschen Paraslten dea Menschen," by M. Braun, 1903. "Parasites 
of Fishes of Beaufort,'* by E. Linton, Bull, of Bur. of Fish., Vol. 24, p. 321, 1905. 
-Illustrated Key to the Cestode Parasites of Man," by C. W. Stiles, Bull. 25, 
Hygienic Lab., Wash., 1906. "Tenoid Cestodes of North American Birds," by B. H. 
Bansom, BuU. TJ. S. Nat Mus., 1909. "Die SUsswasserfauna DeutschL," by M. 
Lllbe, 1910. "Index Catalogue," etc "Cestoda and Cestodarla," by C. W. Stiles 
and A. Hassall, Bull. 85, Hyg. Lab., Treas. Dep., 1912. 

f See "The Formation of Proglottid^ in Crossobothrium laciniatum Linton," by 
W, C. Curtis, Biol BuU., Vol. II, p. 202, 1906. 



Digitized by 



Google 



190 PLATHELMINTHES 

immature in the younger segments; those following contain the mature 
organs, and in the terminal segments these have in most species degener- 
ated, except the uterus, which is swollen with eggs, each of which usually 
contains an embryo. In the typical human tapeworms these ripe seg- 
ments are detached and pass out of the body of the host to the outside, 
where they break open and the young are scattered. In the Bothrioceph- 
cdoidea, however, the eggs are laid in the intestine of the host and pass out 
with the feces, the terminal segments often containing no eggs. In some 
fish tapeworms the segments are detached before they are ripe and remain 
free in the intestine. The outer surface of the body is an unciliated 
euticula, while the interior contains & vesicular parenchyma, in which 
muscle fibers as well as the other internal organs and usually also cal- 
careous concretions lie. No digestive system is present, nutrition being 
carried on by absorption through the outer surface of the body. The 
excretory system consists typically of two pairs of longitudinal canals, 
one pair being near each lateral margin, which open to the outside in the 
terminal segment. The two canals on each side are not of the same size, 
the ventral being smaller than the dorsal and often disappearing alto- 
gether. The dorsal and the ventral pair are very often connected by fe 
cross canal in each segment, and fine branches extend throughout the 
parenchyma containing flame cells. The nervous system consists of a 
number of longitudinal nerves extending the length of the body connected 
in each segment by a ring commissure; in the scolex is a pair of large 
ganglia forming the brain and usually other ganglia, joined with one 
another by a complex system of commissures. 

Cestodes, with rare exceptions, are hermaphroditic animals, each seg- 
ment containing both male and female organs; in some species each seg- 
ment contains two sets of genital organs, one on each side (Fig. 322). 
The genital pores are situated either in the margin or in the ventral sur- 
face of the segment In the lowest cestodes there are three such pores, 
through which the vas deferens, the vagina, and the uterus, respectively, 
open to the outside (Fig. 315, B). In most cestodes the vas deferens and 
vagina pass to a genital atrium which has a single external opening, and 
no special uterine pore is present (Fig. 327, B). The arrangement of the 
reproductive organs is complex and varies considerably in the different 
groups of cestodes. 

Habits and Distribution.— The typical embryo of the tapeworm is a 
minute spherical animal called the onchosphere or six-hooked embryo (Fig. 
311), which is provided with three pairs of locomotory hooks. Having 
been swallowed by its first or intermediate host, either in drinking water 
or on the food of the latter, it works its way by means of its hooks into 
the blood vessels and may be carried with the blood to various parts of 



Digitized by 



Google 





CE8T0DE8 191 

the body of the host. It imbeds itself in a muscle or other organs and 
develops into a characteristic larva called a bladder worm. This larva 
is in some cases exactly like the scolez of the adult worm and is then 
called a plerocereus. In other cases it con- 
tains besides the scolez some or all of the 
strobila, sometimes with the genital organs, 
and is called a plerocercoid. In still others 
it is an ovoid vesicle filled with a fluid and 
containing one or more scolices and no n g . 311— A, En of Twnia 
proglottid^ and is called a cysticercus, or b^*«Sd %mb?yo ; °B? same egg 
a minute vesicle completely filled with an wUho^tjhe external membrane 

invaginated scolez and called a cysticer- 

coid. This larva remains quiescent in the intermediate host, but if 
this animal be devoured by the final host the larva is transferred to the 
intestine of the latter and, at once attaching itself to the intestinal wall, 
begins to produce the strobila. In a few weeks or months the entire worm 
is usually formed. 

Cestodes are among the most pronounced animal parasites and are 
found in all countries and in all of the larger animals. Man and his 
domestic animals are especially liable to infection and may be the hosts 
of some very dangerous tapeworms. 

History.— The common tapeworms of man, including both the adult 
and the larval worm, have been known to science from the time of the 
Greeks. The name Taenia for a tapeworm occurs in Pliny, and the name 
Tcsnia solium has been employed since the Middle Ages, when it was given 
to all the common tapeworms. The order Cestodes was established in 1808 
by Rudolphi. It included however only the adult worms, the larval worms 
being placed by Rudolphi in the separate order Cystici. The relation of 
the adult to the larval worms was not then understood, notwithstanding 
the fact that Goeze and Pallas in the previous century had both clearly 
indicated it, Rudolphi and all the important helminthologists of his time 
believing that tapeworms may develop by spontaneous generation in the 
places where they are found. In fact it was not until 1851 that it was 
finally demonstrated by Kiichenmeister that the bladder worm is the larval 
stage of the adult worm. This investigator showed that if Cysticercus 
pisiformis be fed to a dog Tcenia serrata will very shortly appear in the 
dog's intestine. He and others afterwards repeated the ezperiment with 
the tapeworms of the cat and of man and of other animals. In the case 
of the human tapeworms the cysticerci were given to condemned criminals 
and the adult worms were invariably found in their intestines after 
death. Rudolf Leuckart has since been the most active in the study of the 
entire group. 
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The class contains not far from 1,000 species, which are distributed 
among 2 subclasses. 

Key to the subclasses of C est odes: 

Ox No scolez ; no segmentation ; embryo with 10 hooks 1. Cestodakia. 

o, Body usually segmented and with a scolex ; embryo with 6 hooks. 

2. Cestodes, $. §tr. 

Subclass 1. CESTODARIA. 

Small, unsegmented worms which live in fishes as adults and in 

mollusks and annelids as larvae; no distinct scolez is present although the 

forward end has a contractile papilla or a sucker; but 1 set of genital organs 

present; uterus a winding tube with an external opening; embryo with 10 

locomotory hooks and called a lycophora: 2 genera and about 4 species. 

1. Gyboootyle* Diesing (Fig. 312). Body leaf-like and elliptical, 

with fluted margins; a small sucker at one end and a peculiar "rosette" 

organ at the other end with a retractile proboscis: 4 

species. 

G. fimbriate Watson. Length up to 55 mm. ; width 
10 mm.; in intestines of Chimcera; California. 

2. AxPHTUKA Wagener. Body flat and leaf -like: 
forward end with a small sucker, beside which is the 
uterine pore; at the opposite end are the openings of 
the cirrus and the vagina: 2 species. 

A. foliacea (Rudolphi). Length 20 mm.: in the 
body cavity of sturgeons. 




Subclass 2. CESTODES— Sensu stricto. 



Fig. 312 

Diagram of 

Oprocotple 



(Spencer from 
Watson). 
l v sucker ; 2, male 
genital pore ; 3, 
vagina* 4, uter- 
ine pore; 5, 
nerve ; 6, uterus ; 
7, yolk duct; 8, 
rosette. 



Body, except in rare cases, segmented, with a 
scolex, which, however, may be rudimentary or re- 
placed by a pseudoscolex; uterus with an external 
opening only in the Bothriocephaloidea; vas deferens 
and vagina open usually into a genital cloaca which 
opens to the outside by a single pore: 5 orders and 
about 90 genera. 
Key to the orders of C est odes here described : 
ck Uterine pore present; genital organs do not degenerate in the ripe seg- 
ments 1. BOTHBIOCEFHALOmGJL 

a, No uterine pore; ripe segments contain the gravid uterus and little else. 
&! Proboscides not present in scolex. 
c, Four bothria usually present ; yolk glands paired ; principally in fishes. 

2. Tetraphtllidea 
c, Four suckers present; yolk glands not paired; in land vertebrates. 

3. Ctclophylltdea 
6, Four retractile proboscides present in scolex ; in fishes. 4. Tbypakorhynoha. 

• See -The Genus Gyrocotyle," etc., by B. E, Watson, TJniv. of Cal Pub., VoL 6, 
p. 353, 1911. 
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Order 1. BOTHBIOGEPHALOIDEA. 

Body often long, with or without distinct segmentation; scolex with 
2 suckers, one in the dorsal and one in the ventral surface, which are 
usually weak and in certain forms are highly modified by the extension of 
their edges, and may be rudimentary or wanting, when their place may 
be taken by a single accessory sucker or la pseudoscolex ; a uterine or 
birth pore present in the ventral surface; the other two genital pores 
also usually ventral but may s be dorsal or marginal; testes numerous; 
ovary either distinctly or indistinctly paired and in the hinder part of 
the segment ; yolk glands paired in the lateral areas of the segment ; the 
genital organs do not degenerate: about 4 families; either adult or larval 
form usually in fishes. 

Key to the families of Bothriocephaloidea here described: 

Ot Uterus an irregularly coiled tube 1. Diphyllobothriidae 

a. Uterus not a coiled tube, usually sac-like 2. Ptychobothbiidae 

Family 1. DIPHYLLOBOTHBIIDAE. 

Scolex usually without hooks, segmentation in most cases distinct, 
but sometimes wanting; cirrus (penis) without spines; uterus a long tube 
coiled back and forth across the segment: 4 subfamilies and about 15 
genera. 

Key to the subfamilies of Diphyllobothriidae here described: 

Ox Two suckers present. 

6, Scolex very short ; no neck present 1. Ligulinab 

6, Scolex elongate ; neck usually present 2. Diphyllobothbiinab 

a, But 1 sucker 3. Cyathocephaunajb 

Subfamily 1. LIGULINAE. 
Scolex short, triangular, with small suckers and without hooks ; genital 
pores ventral : in the intestine of water birds as adults ; larva a plerocer- 
coid which may be as large as the adult and is found free 
in the body cavity of fishes : 2 genera. 

1. Lxgttla Bloch. Suckers and external segmentation 
wanting in the larva, and only the forward portion exter- 
nally segmented in the adult, these segments, however, not 
corresponding to the internal segmentation: 1 species. 

L. intestinalis (L.) (Fig. 313). Length up to 40 cm. or FI 318 

more ; width 10 mm. : in perch, pike, and other fresh-water inteattnoH* 

fish as a larva, and in gulls and other water birds as [tro™jto&un) 
adult. 

2. SoHXBTOOEPHALVB Creplin. Suckers and external segmentation 
present and distinct in the larva as well as the adult, and internal and 
external segmentation identical: 1 species. 
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Fig. 314 — Schittocephalua gasterostei. A, forward 

end (Linton) ; B, fish containing the larval 

worm (Cambridge Natural History). 



S. gasterostei (Fabricius) (Fig. 314). Length up to 30 cm.: in 
Ga8tero8teu8 and other fish and also the frog as a larva, and in water birds 
as adult. 

Subfamily 2. DIPHYLLOBOTHBIINAE. 

Scolex without hooks and with either 2 small suckers or highly modi- 
fied suckers; segmentation distinct; cirrus and vagina open into a 

genital cloaca, the pore of 
which is ventral and in 
front of the uterine pore: 
6 genera; in higher verte- 
brates. 

1. DlPETLLOBOTHBIXTK 

Cobbold (Bothriocephalus 
Rudolphi; Dibothriocepha- 

lus Liihe). Scolex flattened laterally with 2 deep slit-like suckers; strobila 

long; uterus a long tube coiled zigzag: over 50 species; in carnivorous 

mammals and water birds. 

D. latum (L.) (Fig. 315). 

Length up to 9 m., with several 

thousand segments; onchosphere 

ciliated and free-swimming: larva a 

plerocercoid 30 mm. long found in 

the perch and many other fishes; 

adult worm in man, also in the cat 
and dog, and com- 
mon in certain locali- 
ties, especially where 
fish is much eaten; 
in this country rare. 

Subfamily 3. CYATHOCEPHALINAE. 

Scolex usually with a single terminal sucker; outer 
segmentation indistinct or wanting; genital pores either 
ventral or dorsal or both: 1 genus. 

Cyathocephalus Kessler. With the characters of 
the subfamily: 1 species. 

0. truncatus (Pallas) (Fig. 316). Length up to 20 
mm.; with about 6 segments: in the pyloric cceca of the 
whitefish. 

Family 2. PTYCHOBOTHRIIDAE. 
Scolex without hooks, with 2 suckers more or less developed, each 
of which may be converted into a pocket by the partial fusion of its 





Pig. 315 — Diphpllobothrium latum 
(Leuckart). A, anterior end, showing 
suckers ; B, mature segment. 1, yolk 
gland ; 2, birth pore ; 3. uterus ; 4, 
ovary; 5, excretory canal; 6, nerve; 
7, testes ; 8, vaginal pore ; 9, male geni- 
tal pore (cirrus) ; 10, uterine pore. 







Fig. 316 
Cyatho- 
cephalus 
truncatus 
(Zscnokke). 
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walls, or may be subdivided into 2 portions, of which the hinder may have 
the appearance of a separate sucker; a pseudoscolex may also take the 
place of the scolex; uterus usually an extensive sac, which may occupy 
the greater part of the segment with a ventral opening; pore for cirrus 
and vagina either marginal or dorsal: 7 genera; in fishes. 

1. Abothbitoc van Beneden. Suckers shallow ; a cylindrical pseudo- 
scolex may be present in place of the scolex, the hinder margin of 
which is prolonged backwards so as to project over the strobila; seg- 
mentation of hinder part indistinct; cirrus and vaginal pores marginal, 
that of uterus medium: 3 species. 

A. rugosum (Batsch). Length 25 cm. or more; breadth 4.7 mm.: 
in the intestine of the cod; often common. 

2. Bothriocephalic Rudolphi (Dibothrium Diesing). Scolex elon- 
gate with rather weak suckers; no accessory suckers; segmentation 
often indistinct; neck not present; uterine opening mid ventral; common 
genital pore for cirrus and vagina middorsal: about 4 species. 

B. lacinatus (Linton). Body 15 cm. long, 4 mm. broad in the 
middle, tapering towards hinder end ; segmentation distinct, the posterior 
margins of the proglottids projecting backwards, making the margin of 
the strobila serrate : in Tarpon atlanticus. 

Order 2. TETRAPHYT.T.TDEA. 

Scolex with 4 bothria, which vary much in form, being either stalked 
or not and with or without hooks and accessory suckers; a pseudoscolex 
may replace the scolex; segmentation distinct; cirrus and vagina open on 
the margin; no uterine pore; yolk glands paired: 4 families and about 
30 genera; in selachians, and also in other fish, amphibians, and reptiles. 

Key to the families of Tetraphyllidea here described: 

Oj Hooks present at the forward end of each bothrium 1. Onchobothrhdab 

a, No such hooks 2. Phyixobothriidab 

Family 1. ONCHOBOTHBHDAE. 

Hooks of various shape present in the anterior rim of the bothria; 
bothria either sessile or with short stalks; accessory suckers usually 
present ; the segments usually detach themselves before sexual maturity : 
in spiral valve of selachians; 9 genera. 

1. Galliobothbitoc van Beneden. Bothria elongate, each being 
divided by 2 transverse septa into 3 divisions of unequal size and with 
either 1 or 3 small accessory suckers and 2 or 4 simple hooks: several 
species. 

0. verticiUatum (Rudolphi). Length up to 15 cm.; length of ter- 
minal segment about 3.5 mm,, width 1.7 mm. ; a 3-lobed accessory sucker 
and 4 hooks in front of each bothrium; body very slender, resembling 
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a white hair; scolez the size of a small pinhead: often common in spiral 
valve of the smooth dogfish. 

2. Phobexobothbitoc Linton. Bothria rectangular and elongate, 
without subdivisions; an accessory sucker and 2 three-pronged hooks 
at the forward end of each bothrium; neck long, with 
minute spines: 1 species. 

P. lasium Linton (Fig. 317). Length 4 cm.; terminal 
segment about 2.2 mm. long and .84 mm. Wide: in spiral 
valve of the dusky shark. 

Family 2. PHYLLOBOTHBIIDAE. 

Pig. 817 

Scolez of Scolez without hooks; bothria usually stalked and with 

Phoreioboth- . , ,,..,. , , . , 

rium lasium , or without septa subdividing them, and with or without a 

(Linton). * 

myzorhynchus, which is a central, stalked sucker rising 

from midst of the bothria, and other accessory suckers: about 12 genera. 

Key to the genera of Phyllobothriidae here described: 

Ot Bothria without transverse septa and myzorhynchus. 

bx Bothria without accessory suckers 1. Anthobothbxum 

o t Bothria with accessory suckers. 

Oj Each bothrium with 2 suckers 2. Obygmatobothbxum 

c t Each bothrium with 1 sucker. 

dx Edges of bothria not or but little convoluted 3. Crossobothbium 

<Jj Edges of bothria very much convoluted 4. Phtllobothbiuic 

o, Bothria with 2 septa and with a myzorhynchus 5. Echenhbothrium 

1. Anthobothbixjm van Beneden. Bothria very contractile, oval 
in shape, stalked, their edges not or but little folded; without accessory 
suckers; body elongate: several species. 

A. laciniatum Linton. Length up to 21 mm.; length of terminal 
segment about 1.8 mm., width 1 mm. : in spiral valve of 
sand shark and other sharks; often numerous. 

2. Obtomatobothbittm Diesing. Bothria stalked, 
with a larger accessory sucker in the middle and a 
smaller one at the forward end of each, which may be cmlioiotiwium 
confluent; neck long: several species. '(Curtff)? 

0. paulum Linton. Length 9 mm.; breadth of ter- 
minal segment about .28 mm., length 1.03 mm.: in spiral valve of the- 
tiger shark; often very numerous. 

3. Obossobothbittk Linton. Bothria stalked, each with an acces- 
sory sucker at the forward end, and with its rim more or less convo- 
luted; body elongate: 1 species. f 

0. laciniatum Linton (Fig. 318). Length up to 25 cm.; segmenta- 
tion occurs at certain times in both directions, making the middle segments 
the youngest : in the spiral valve of the sand shark ; common. 
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4. Phtllobotebtux van Beneden. Bothria sessile or nearly so, 
with very convoluted edges and with an anterior accessory sucker; neck 
very long: several species. 

P. foliatum Linton. Length np to 18 cm.; length of 
terminal segment about 1.4 mm., width .9 mm.: often 
numerous in spiral valve of the sting ray. 

6. Eoeeheibothbittx van Beneden. Bothria stalked, 
elongate or oval, and very contractile, the face of each 
being subdivided by 1 or 2 longitudinal and several trans- Bcoie* of 

. Eoheneibothrium 

verse septa; myzorhynchus present but may be wanting in rariabiie 
. . (Braun). 

old worms: several species. 

E. variabile v. Ben. (Fig. 319). Length about 10 cm.; neck long: 

in the spiral valve of the common skate; often common. 

Order 3. OYCLOPHYLLIDEA. 

Body usually elongate; scolex with 4 simple cup-shaped suckers, 
between which a protrusile rostellum with hooks is usually present; 
segmentation distinct; no uterine pore; common genital pore usually 
marginal; yolk gland unpaired and usually behind the paired ovary: 10 
families and about 50 genera which live principally in the higher verte- 
brates; larva a cysticercus or cysticercoid, so far as known. 

Key to the families of Cyclophyllidea here described: 

a, Uterus transverse in position and either tubular, sac-like, or reticulate. 

b x Scolex without hooks 1. Anoplocephalidae 

b t Scolez with hooks. 

Cj No hooks in the suckers 2. Dipyududae 

c, Suckers armed with hooks 3. Davaineidae 

a, Uterus consists of a median stem and side branches 4. Tmjuudax 

Family 1. ANOPLOCEPHALIDAE.* 

Scolex more or less spherical, without hooks but with large suckers; 
segments short and wide; uterus transverse in position and tubular, sac- 
like, or reticular: in mammals; 8 genera. 

Key to the genera of Anoplocephalidae here described : 

Ox Genital pore on but one side of the segment. 

b x Genital pores on the same side of all the segments 1. Anoplocephala 

5, Genital pores regularly or irregularly alternate 2. Bertta 

a, Genital pores on both sides of the segment 

b x Uterus reticulate and double 4. Moniezia 

ft, Uterus tubular. 

Cj Uterus a thick tube, single or double : in rodents. 3. CrrroTiENiA 

e, Uterus undulate : in sheep 5. Thtsanosoma 

•See "A Revision of the Adult Tapeworms of Hares and Rabbits," by C. W. 
Utiles, Proc U. S. Nat. Mus. r Vol. 19, p. 145, 1696. 



Digitized by 



Google 



198 



PLATHELMINTHES 




Fig. 320— Ante- 
rior end of Anoplo- 
cephala perfoliata 
(Ward). 



1. Avoplooephala Blanchard. Segments much broader than long; 
genital pores all on the same side of the segments and never on^both 
sides: about 16 species; in horses and rodents. 

A. perfoliata (Goeze) (Fig. 320). Length up to 8 
cm.; scolex large, square, with 4 projections extending 
backwards, 2 being dorsal and 2 ventral: in the ileum, 
caecum, and colon of the horse, often in large numbers. 
2. Bertia Blanchard. Segments broader than 
long; genital pores regularly or irregularly alternate, 
but never on both sides of a segment: in apes, mon- 
keys, and rodents; about 6 species. 
B. americana (Stiles). Length 33 mm.; width 6 mm.; with about 
90 segments; no calcareous concretions: in porcupines; often common. 

3. Gittot<snia* Riehm. Segments 
broader than long with genital pores on 
both sides ; 2 sets of genital organs and 1 or 
in some cases 2 simple, transverse, tubular 
uteri in each segment; vagina always ven- 
tral to the cirrus: in rodents; 7 species. 

0. variabilis (Stiles) (Fig. 321). 
Length up to 18 cm.; breadth 10 mm.; 
cirrus pouch tubular, of equal diameter 
throughout; testes form a band in the 
median area between the ovaries: in the 
cotton-tail rabbit and the marsh hare. 

4. Monieziaj Blanchard. Segments broader than long with genital 
pores on both sides; 2 sets of genital organs and 2 complex reticulate 
uteri in each segment; vagina ventral on right side and dorsal on left 
side to cirrus; interproglottidal glands along hinder 
margin of the segment: 6 species; in ruminants. 




fl 



Fig. 321— Cittotania variabiU* 
(Stiles). A, bead; B, a seg- 
ment. 1, excretory canals; 2, 
ovary; 3, testes. 



\ 
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Fig. 322— MonUsrto planittima ( Stiles) . 

3, yolk gland ; 4, interproglottidal gland. 



A, a segment ; B, bead. 



6 

1, genital pore; 



2, ovary ; 

M. planiasima Stiles and Hassall (Fig. 322). Body very broad and 
flat and up to 2 m. long, and 26 mm. broad; interproglottidal glands 

•See "8tudies on the Genus Cittotaenta," by R. A. Lyman, Stud, from ZooL 
Lab., rjDlr. of Neb., No. 48, 1902. 

t See "A Revision of the Adult Cestodes of Cattle, Sheep," etc., by C. W. Stiles 
and A. Hassall, Bull. No. 4, Bur. Animal Ind., 1893. 
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Fig. 323 — Moniezia espansa (Stiles). A, two segments; 
B, end view of head ; g., lnterproglottidal glands. 



elongate and not in groups: in small intestine of sheep and cattle; often 
common. 

M. expansa (Rudolphi) (Fig. 323). Body up to 4 m. long and 26 
mm. wide, and often 
quite thick ; interpro- 
glottidal glands a 
straight row of round 
sacs : in sheep, cattle, 
deer, and goats; com- 
mon. 

5.THY8AK080MA 

Diesing. Segments broader than long with genital pores on both sides or 

only on one side, and either 2 or 1 set of genital organs; a single uterus 

in each segment con- 
sisting of an undulat- 
ing, transverse tube 
with side pockets: 2 
species, in sheep. 

T. actinoides Dies. 
The fringed tapeworm 
(Fig. 324). Length 

up to 30 cm.; width 8 mm.; head prominent; neck very flat and broad; 

hinder margin of each segment fringed: common in the west. 







6 



Fig. 324 — Thytanosoma actinoides (Stiles). A, bead, 
side view and ventral view ; B, segments. 



Family 2. DIPYLIDIIDAE. 

Scolex usually with hooks on a rostellum; uterus made 
up of a large number of egg sacs, or it may be absent, in 
which case the eggs are distributed throughout the par- 
enchyma; larva a cysticercoid : in birds, mammals, and 
reptiles; 10 genera. 

1. DlPYUDnm Leuckart. Rostellum retractile and 
with hooks; genital pores and organs double in each seg- 
ment; uterus reticular: 1 species. 

D. caninum (L.) (D. cucumerinum Rudolphi) (Fig. 
325). Length up to 25 cm.; breadth 3 mm.; ripe segments 
about 7 mm. long and 3 mm. wide and often reddish in 
color : in cats and dogs, and occasionally in young children ; 
cysticercoid in the dog's flea; common. 

2. Hykenolepis* Weinland. Small filiform worms with broad seg- 
ments with the genital pores all on the left and never on both sides; 

* See "An Account of the Tapeworms of tbe Genus Hymenolepis Parasitic in 
Man/' by B. H. Ransom, Bull. No. 18, Hyg. Lab., 1904. 




Pig. 325 
Dipylidium 

caninum 
(from Ward). 
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rostellum retractile and with or without hooks; 3 testes in each seg- 
ment; with a sac-like uterus filling the ripe segment: about 30 species; in 
mammals and birds. 

H. nana (von Siebold). The dwarf tapeworm (Fig. 326). Length 
15 mm. or more; breadth .7 mm.; scolex with a single row of about 28 
hooks: in the small intestine of man and the rat and 
mouse; the cysticercoid lives in the intestinal villi of the 
same host; the parasite often causes diarrhea and nervous 
attacks. 

H. carioca (Magalh&s). Length up to 8 cm.; width 
.7 mm.; rostellum without hooks; edge of strobila serrate: 
in chickens; common. 

H. dimnuta (Rudolphi). Length up to 6 cm.; width 
4 mm.; rostellum rudimentary, without hooks: in cats and 
mice. 

Family 3. DAVAINEIDAE. 

Scolez with hooks on a retractile rostellum and 
Big. 826 numerous small hooks in the suckers; genital pore usually 

(Le n ckart) on on ^ one s ^ e °^ a Ee S mea ^' 3 genera; in mammals and 
birds. 
Davaiotba Blanchard and Railliet. Small worms; eggs in capsules 
in the middle area of the ripe segment: about 15 species. 

D. salmoni Stiles. Length 88 mm.; breadth 3 mm.; number of seg- 
ments about 450 ; genital pores generally alternate : in Lepus sylvaticus and 
L. melanotis. 

Family 4. T^NTIDAE. 

Scolex usually with a rostellum with hooks; uterus, in the ripe seg- 
ment, composed of a median tube and lateral branches; usually long 
worms with segments longer than wide ; genital pores alternating irregu- 
larly and never on both sides of a segment : several genera. 

1. Tjenia L. With the characters of the family: numerous species, 
which are usually found in predacious mammals and man, the cysticer- 
cus being found in ruminants and other plant feeders. 

T. saginata Goeze. The beef tapeworm (Fig. 327). Length 10 m. 
or more, with over a thousand segments, usual length 4 to 8 m.; ter- 
minal segments about 20 mm. long and 7 mm. broad, containing a uterus 
which has from 20 to 30 branches on each side; scolex 2 mm. thick, 
without rostellum or hooks: in the human intestine; the cysticercus 
(C. bovis) is about 9 mm. long and 5 mm. thick and lives in the muscles of 
cattle, and a person may infect himself with the worm by eating rare 
beef; the commonest human tapeworm in this country. 



Digitized by 



Google 



CEST0DE8 



201 



T. solium L. The pork tapeworm (Fig. 328). Length about 3 m., 
with about 900 segments; terminal segment about 12 mm. long and 





Fig. 327 — Tctnia saginata (Leuckart). A. head with the anterior segments ; B, a 
segment about a third of the distance back from the head ; C, terminal segment ; 
D, a piece of beef containing three cysticerci ; P, common genital pore. Other refer- 
ences as in Fig. 315. 

6 mm. wide, containing a uterus which has from 7 to 10 branches on 
each side; scolex about 1 mm. thick with a rostellum bearing a double 
row of about 28 hooks: in the human intestine; the cysti- 
cercus (C. cellulosae) is from 6 to 20 mm. long and about 
half as wide and thick and lives normally in the muscles of 
the pig, but also lives readily in man, being found in the 
eye, brain, heart, and other organs and causing often in- 
sanity or death; rare in this country. 

T. marginata Batsch. The large dog tapeworm. 
Length up to 3 m. ; terminal segments 10- mm. long and 
5 mm. wide, containing a uterus with from 4 to 8 branches 
on each side; rostellum with 2 rows of about 38 hooks: in 
the dog; cysticercus (C. tenuicollis) in the viscera of pigs 
and ruminants; not common in this country. 

T. serrata Goeze. The serrate dog tapeworm. Length 
up to 1 m. ; terminal segments 10 mm. long and 5 mm. wide, 
containing a uterus with 8 to 12 branches on each side ; edge 
of strobila serrated; rostellum with 2 rows of about 40 
hooks: in the dog; cysticercus (C. piriformis) about the 
size of a small pea, in the peritoneum of rabbits and hares; 
common. 

T. crassicollis Rudolphi. The cat tapeworm. Length 
up to 60 cm. ; terminal segments 10 mm. long and 6 mm. wide, containing 
a uterus with about 10 branches on each side; rostellum with 2 rows of 




Fig. 328 

Tcenia solium 

(Leuckart). 

A, head 

B, terminal 

segment. 
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about 50 hooks: in the cat; cysticercus (C. fasciolaris) in the liver of the 
mouse and rat, where it forms a conspicuous tumor, and is peculiar in that 
it consists of a scolex and a number of segments, the 
latter, however, degenerating on arriving in the cat's 
intestine and the scolex developing a new strobila; very 
common. 

2. Multioeps Goeze. Like Tcenia but with a large 
cysticercus from the inner wall of which many scolices 
project into the interior: about 6 species. 

M. multiceps (Leske) (Tcenia coenurus von Sie- 
bold). The gid tapeworm* (Fig. 329). Length up to 
60 cm. ; terminal segments 5 mm. long and 2 mm. broad, 
containing a uterus with about 22 branches on each side ; 
rostellum with 2 rows of about 30 hooks: in the dog; 
cysticercus (Ccenurus cerebrate), which is 25 mm. in 
diameter or larger and spherical and 
contains hundreds of scolices, lives in 
the brain or spinal cord of sheep and 
occasionally cattle, causing gid or stag- 
gers; northwestern states; Europe; often killing great 
number of sheep. 

3. EcmNOCOCOUS Rudolphi. Like Tcenia, but with 
a large cysticercus from the inner wall of which capsules 
of scolices project into the interior: several species. 

£. granulosus (Batsch) (Tcenia echinococcus von 
Siebold). The echinococcus tapeworm (Fig. 330). 
Length up to 5 mm., with but 3 or 4 segments ; rostellum 
prominent, with 2 rows of about 40 hooks: in the dog; 
cysticercus (Echinococcus polymorphic) lives in the 
liver or other organs of sheep, pigs, cattle, or other 
animals, and also in man, when it is called a hydatid 
cyst, and as it may grow to be half a foot in diameter 
and to weigh several pounds and contains thousands of 
scolices, it may cause death; often common in Europe 
but apparently rare in this country; infection obtained directly from the 
hair or tongue of dogs. 



Pig. 329— Multi- 
ceps multiceps 

(Ransom), 
ripe segment. 




Fig. 330 

Echinococcus 

granulosus 

(Braun). 



Order 4. TRYPANORHYNOHA. 

Scolex very long, composed of 2 portions, a head which has 2 or 4 
bothria and 4 retractile and spinose proboscides, and a long head stalk; 

• 8ee "The Gid Parasite," etc., by B. H. Ransom, Bull. 66, Bur. An. Ind., U. 8. 
Dept Ag., 1905. "The Gid Parasite," etc., by M. C. Hall, Bull. 125, ditto, 1910. 
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segmentation distinct; genital pores marginal; genital organs with the 
same arrangement as in the Tetraphyllidea : in the intestine of selachians; 
larvae encysted in teleosts; 2 families. 

Family BHYNCHOBOTHBIIDAE. 
With the characters of the orders: numerous genera, 
concerning the value and position of many of which much 
uncertainty prevails. 

1. Bhyhchobothhixts Rudolphi. Two bothria, one 
dorsal and one ventral, which tend to converge at their 
forward ends: many species. 

B. bulbifer Linton (Fig. 331). Bothria oval; neck 
long and slender; length of body up to 40 mm., with 12 or 
less segments: in spiral valve of Mustelus cants; cysts in 
mackerel, blueflsh, and other teleosts; common. 

2. Tetrabhynohobothbito Diesing. Four bothria 
present; head stalk cylindrical; many species. 

T. robustum (Linton). Bothria elongate; length of 
body 24 mm.; segments usually broader than long: in Rhynchoboth- 
stomach and intestine of skate; common. (Linton). 




Nemerteans. 




Class 4. NEMERTEA.* 

Soft, very contractile, and often brightly colored flat- 
worms, most of which are non-parasitic 
and live in the sea. The body is usually 
elongate and more or less tape-like or fili- 
form, varying in length from 5 mm. to 
30 m. in the different species; it is unseg- 
mented, but often has an annulated ap- 
pearance due to the regularly repeated 
subdivisions of certain of the internal 
organs. The mouth is in the ventral sur- 
face near the front end and the anus is at 
the hinder end of the body. Dorsal to the mouth (Fig. 332) is an opening 
into a very deep tubular pocket, extending far back into the body, a portion 

• See "Marine Nemerteans of New England and Adjacent Waters," by A. E. 
Verrlll, Trans. Conn. Acad., Vol. 8, p. 382, 1892. "Die Nemertlnen," Fauna u. Flora 
d. Golfes v. Neapel, by O. Btirger, 1895. "Nemertinl," Kl. u. Ordn., Vol. 4, Supp., 
1897. "On tbe Connective Tissues and Body Cavities of tbe Nemerteans, with Notes 
on Classification/' by T. H. Montgomery. Jr., Zool. Jabrb. Anat, VoL 10, p. 1. "Notes 
of the Times of Breeding of Some Common New England Nemerteans," by W. R. Coe, 
Science N. S. f Vol. 9, p. 167, 1899. "Nemertini," by O. BUrger, Das Tlerrelch, 1904. 
"Synopsis of the Nemerteans, Part I," by W. R. Coe, Am. Nat, Vol. 39, p. 425. 
"Nemerteans of the West and Northwest Coast of North America," by W. R. Coe, 
Ball. Mas. Comp. Zool., VoL 47, 1905. 



Fig. 332 — Diagram of nemertean 
worm — lateral aspect (Btirger). 
1, proboscis pore; 2, ventral gan- 
glion ; 3, mouth ; 4, dorsal gangli- 
on ; 5, dorsal nerve ; 6, Intestine ; 
7, proboscis ; 8, proboscis sheath. 
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of which can be everted and thrust forward in the form of a proboscis 
(Fig. 333) : in most hoplonemerteans this opening coincides with the 
mouth. The proboscis is often nearly as long as the body itself and can 
be thrust out far in advance. It is primarily a tactile organ and in the 
hoplonemerteans is armed with calcareous stylets of characteristic form, 
indicating that it has also an offensive function. Dorsal to the proboscis 
in most species are the openings of the so-called cephalic glands. In 
Malacobdella a large sucker is present at the hinder end, and Nectonemertes 
possesses a pair of lateral swimming 
organs. Many heteronemerteans have 
a caudal cirrus at the posterior end. 
The outer surface of the body is a 
glandular, ciliated epithelium and is 
often brightly colored. 

No body cavity is present, the 
spaces between the organs being filled 
with a gelatinous parenchyma. The 
proboscis, however, is surrounded by a 
muscular sheath containing a corpuscu- 
lated fluid (Fig. 333,4). The digestive 
canal extends the whole length of the 
body, and is usually differentiated into 
oesophagus, stomach, intestine, and rec- 
tum. The intestine is often provided 
with regularly recurring paired diver- 
ticula and in the hoplonemerteans has 
a long intestinal caecum, extending for- 
ward to near the front end of the body. 
Two or three longitudinal blood vessels 
with connecting branches and contain- 
ing a corpusculated fluid differing 
somewhat from that in the proboscis 
sheath extend the length of the body and are connected with large blood 
spaces. A pair of profusely branched longitudinal excretory canals lie 
alongside the lateral blood vessels in the anterior portion of the animal, 
which usually open to the outside through one or more pores on each side 
of the body. Minute branches of these canals extend into the parenchyma 
and end in flame cells. The central nervous system consists of a four- 
lobed brain and a pair of large lateral nerves (Fig. 332) extending to 
the hinder end of the body, where they join; a dorsal median nerve is 
also usually present and in some species a ventral median one as well. 
A pair of lateral ciliated canals called the cerebral organs because they 




Pig. 333 — Diagram of nemertean 
worm — dorsal aspect. A, with pro- 
boscis retracted ; B, with proboscis 
extended (altered from Boas). 1, 
stylet; 2, proboscis; 3, poison 
gland ; 4, proboscis sheath ; 5, in- 
testine ; 6, gonads. 
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lie in close relation to the dorsal cerebral lobes occur in most nemer- 
teans: these are represented by a pair of lateral sensory grooves in 
many paleonemerteans. In the hoplonemerteans and some heteronemer- 
teans also occur one to three supraoral or frontal organs, which are 
sensitive protuberances capable of being retracted so as to form a pit. 
Simple ocelli, each with lens and nerve, occur in most nemerteans. 
The number of such ocelli, which in a few forms are scattered along the 
sides of the body, may exceed 200. A few species have auditory sacs. 
The muscular system is well developed, consisting of two or three layers 
of circular and longitudinal muscles which bear an intimate relation to 
the main nerves. 

Most nemerteans are unisexual, but a few are hermaphroditic. The 
gonads are paired, spherical organs, which usually lie between the intes- 
tinal diverticula (Fig. 333) and discharge their products directly through 
the body wall to the outside, no permanent genital ducts being present. 
A few are viviparous. Development is direct in many forms, while in 
others the young animal leaves the egg as a free-swimming larva 
(pilidium or Desor's larva) and passes through a complicated metamor- 
phosis before acquiring the form of the parent. 

History.— The Nemertea have only quite recently been given an inde- 
pendent systematic position, having been formally grouped with the 
Turbellaria. The name originated with Cuvier, who in 1815 gave the ge- 
neric name N emeries to Lineus longissimus. Johnston (1846) first employed 
the name for the entire group. At the present time it is a matter of dis- 
pute whether the Nemertea should be grouped with the Plathelminthes or 
be given an independent position. The modern classification is due princi- 
pally to Hubrecht and Burger. The class contains over 400 species 
grouped in 4 orders, 87 species having been found on our Pacific and 62 
species on our Atlantic coast 

Key to the orders of Nemertea: 

Ox No sucking disc present; intestine not convoluted. 
b t Proboscis without stylets ; mouth behind brain ; intestinal caecum absent. 
Cj Muscular walls of body usually in 2 layers; eyes usually absent 

1. Paleonemebtea 
c. Muscular walls of body in 3 main layers ; eyes usually present. 

2. Hetebonemebtea 
&, Stylets usually present ; mouth in front of brain ; intestinal caecum 

usually present 3. Hoplonemebtea 

a, Sucking disc present ; intestine convoluted 4. Bdellonemebtea 

Order 1. PALEONEMEBTEA. (Protonemertini; Mesonemebtinl) 

Body long and slender, often filiform ; mouth usually far back, being 
always behind the brain; proboscis without stylets; cerebral organ and 
eyes usually absent; body wall contains two muscle layers, an outer 
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circular, an inner longitudinal, to which a third, an inner circular, is 

sometimes added; lateral nerves either external to the muscles or 

imbedded in the longitudinal layer; cutis absent: 4 families, all marine. 

Key to the families of Paleonemertea here described: 

Ox Paired intestinal diverticula absent 1. Carinellidae 

o, Paired intestinal diverticula present 2. Cephalotbichidae 

Family!. CAEINELLIDAE. 

Cerebral organs represented by a pair of lateral epithelial depres- 
sions; brain and lateral nerves lie in the outer epithelium or just 
beneath it; mid-dorsal blood vessel usually absent; inner circular muscles 
encircling the proboscis sheath and intestine very thick: 5 genera and 
about 27 species. 

Ga&ivella Johnston. Body cylindrical and filiform, with the head 
end large and distinctly set off; intestinal diverticula absent; lateral 
sense organs usually present near the paired excretory pores, consisting 
each of a round ciliated depression : 16 species, principally on the Pacific 
coast. 

0. pellucida* Coe. Body very small, whitish in color, up to 25 mm. 
long and .5 mm. thick : not uncommon among annelid tubes at low water 
and below in Long Island and Vineyard Sounds; California. 

Family 2. CEPHALOTBICHIDAE. 

Body long and very slender, usually filiform; cerebral organ and 
eyes usually absent; mouth behind the brain; body wall contains two 
muscle layers, an outer circular and an inner longitudinal, with the brain 
and longitudinal nerves lying in the latter layer: 2 
genera and about 12 species. 

1. Gephaloth&ix Oersted. Body filiform, taper- 
ing at the forward end, which is pointed; no excre- 
tory canals; inner circular muscles absent; the worm 
coils the body in a spiral: about 7 species. 

0. linearis (Rathke) (Fig. 334). Body whitish, 

Ceplwiiothriw yellowish, or flesh color, up to 15 cm. long and 1 mm. 

Mne nT i moljtb rlU) ' * n i c ^> mouth very far back; proboscis very long and 

slender: Long Island Sound to Nova Scotia; Pacific 

coast; Europe; often common between tide lines, under stones and in 

the sand; breeds in August at Woods Hole. 

2. Carinoma Oudemans. Body rather thick, cylindrical in front, 
flattened behind: 4 species. 

• See "Descriptions of Three New Species of New England Paleonemerteans," 
by W. B. Coe, Trans. Conn. Acad., Vol. 8, p. 515, 1895. 
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0. tremaphoros C. B. Thompson. Body 12 cm. long, 3 mm thick, 
buff in color; head white, flattened, rounded in front: Woods Hole. 

Order 2. HETEBONEMERTEA. (Schizonemertea.) 

Body often very long; mouth behind brain; proboscis without 
stylets; cerebral organ present; a caudal cirrus sometimes present; body 
wall contains three muscle layers of which the outer is longitudinal and 
between which and the circular muscles are the lateral nerves; cutis well 
developed : 2 families and over 170 species. 

Family LINEIDAE. 
Body usually very long, but in some species relatively short and 
thick ; a pair of conspicuous lateral sensory grooves usually on the head ; 
3 muscle layers in proboscis; the outer one being longitudinal; cephalic 
gland small and slender: 10 genera and about 150 species. 

Key to the genera of Lineidae here described: 
Ox Caudal cirrus not present. 

6, Lateral sensory grooves wanting 1. Pabapolia 

ft, Lateral sensory grooves present 2. Lineus 

o, Caudal cirrus present. 

&! Lateral sensory grooves wanting 3. Zyqeupolia 

b t Lateral sensory grooves present. 

c, Lateral body edges not thin ; animals cannot swim 4. Micbura 

c, Lateral body edges very thin ; animals swim 5. Cebebratulus 

1. Pabapolia Coe. Body cylindrical anteriorly, flattened poste- 
riorly; head not set off from body; without sensory grooves on the head; 
eyes not present; cerebral organs a pair of flat 

elevations: 1 species. fl ^ 

P. anrantiaca Coe. Color orange; length 25 
cm.; width 10 mm.; thickness 4 mm.: Vineyard 
Sound, at low-water mark. jLjy 9 ^ 

2. Lnrzxxs Sowerby. Body extremely long and 
filiform or tape-like and very contractile; head 
somewhat wider and tapering to a point; usually 
with eyes : about 50 species ; cosmopolitan ; animals 
cannot swim, and usually twist themselves into an 
irregular mass. 

L. ruber (0. F. Miiller) (L. gesserensis 0. F. — g35 

MuL; L. viridis Johnston) (Fig. 335). Body IA T^M?w£ilF U B 
cylindrical ; color very variable, being green, brown, B?Sove BhOWlllfif la * era ' 
or reddish ; a single row of 4 to 8 eyes on each side 
of head ; 20 cm. or more ; width 6 mm. : common under stones in shallow 
water from Long Island to Greenland; Alaska; Europe; breeds in June 
at Woods Hole. 
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L. 80dali8 (Leidy). Body very slender and flattened, 25 cm. long 
and 5 mm. wide, green or brown in color; ventral side lighter than dor- 
sal ; a single row of 4 to 6 very small eyes on each side of the head and a 
single pair of larger eyes some distance in front of the others: common 
from New Jersey to Bay of Fundy, living gregariously under stones, 
between tide lines; breeds in mid- winter in Long Island Sound. 

L. bicolor Verrill. Body small, 45 mm. long, 1.5 mm. wide, cylin- 
drical but somewhat flattened, dark green with a mid-dorsal yellowish 
stripe; with a single row of 8 to 14 eyes on each side: among algae and 
hydroids in shallow water in Vineyard and Long Island Sounds; very 
common in certain localities. 

S. Zygettpolia C. B. Thompson. Body cylindrical anteriorly and 
flattened posteriorly; head very long and pointed and without lateral 

sensory grooves; caudal cirrus 
present: 1 species. 

Z. rubens (Coe) (Z. litoralis 
C. B. Thorn/). Body slender 
and 8 cm. long; head pure white; 
body whitish : coast of New Eng- 
land; southern California; on 
sand flats between tide lines. 

4. Microtia Ehrenberg. 
Small, flat, and soft nemerteans 
with a caudal cirrus, which can- 
not swim; with 3 frontal organs; 
often with many eyes: about 17 
species. 

M. caeca Verrill. Body dark 
brown or yellow ; 10 cm. long and 2 mm wide ; no eyes : Long Island and 
Vineyard Sounds, at low-water mark; sexually mature in July and 
August at Woods Hole. 

M. leidyi (Verr.) (Fig. 336). Body thick anteriorly; flattened pos- 
teriorly; 15 cm. long and 4.5 mm. wide; red or purple dorsally, usually 
with a lighter median line and lighter ventrally; proboscis flesh color: 
common from New Jersey to Cape Ann in the sand near low-water mark; 
breeds in mid-summer. 

5. Ceeebratxtlxxs Renier. Body long, flat, and broad, with a small 
pointed head and thin edges well adapted for swimming; eyes usually 
absent; mouth a long slit; with 3 frontal organs; proboscis very long; 
a caudal cirrus at hinder end: over 60 species; in all seas. 




Fig. 336 

F 
Fig. 



Fig. 337 



Fig. 336— Micrura leidyi (Verrill). 
g. 337 — Cerebratulus lacteua (Verrill). 



* See "Zygeupolia litoralis/' etc., by C. B. Thompson, Proc Acad. Nat Set, PhlUu, 
Vol. 53, p. 667, 1901. 
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0. lactens* (Leidy) (Fig. 337). Body 2 m. or less long and 25 mm. 
wide; extreme length up to 6.5 m.; flesh color; proboscis white: very 
common in the sand near low-water mark from Florida to Maine; breeds 
from March to May in Long Island Sound and in July in Casco Bay. 

Order 3. H0PL0NEMEBTEA. (Metanemertinl) 

Body often very long and slender, but in many forms short and 
thick; mouth in front of the brain, usually coinciding with the opening 
of the proboscis; intestinal caecum present; proboscis provided with 
stylets (Fig. 333); lateral nerve cords internal to the muscle layers of 
the body wall; frontal sense organ present: 9 families and more than 
200 species, which live in the sea, in fresh water, and on land; a few 
species parasitic; development usually direct. 

Key to the families of Hoplonemertea here described: 

Oj Proboscis does not reach the hinder third of the body.l. Emplectonematidae 
a, Proboscis reaches almost to the hinder end of body, 
o, Four eyes usually present, forming a quadrangle. 
d Mostly hermaphroditic; long, thin worms, some terrestrial. 

2. Pbosorhochmidae 

c, Unisexual worms, short and thick 4. Pbostomattdae 

o, Eyes numerous 3. Amphipobidae 

Family 1. EMPLECTONEMATIDAE. 

Body very long and thin; proboscis short 
and thick and with a single main stylet of 
variable form; usually with very small eyes: 5 
genera and about 25 species. 

1. Explkctovema Stimpson. Mouth and 
proboscis openings coincide ; usually with many 
eyes, never only four; accessory stylets pres- 
ent: 16 species. 

E. gracile (Johnston) (Fig. 338). Head 
end wider than body and with 20 to 30 eyes on 
each side; length about 20 cm.; breadth 1.5 
mm.; color green; stylets slender and curved 
at the end : very common on Pacific coast north w nema gracile (Coe). 
of San Francisco, in shallow water; Europe. 

2. OABOlHOHEXEBTESt Coe. Body long and slender, cylindrical, 
usually not coiled; mouth and proboscis coincide, the latter being 

• 8ee "On the Anatomy of a Species of Nemertean (Cerebratulus lacteus Ver- 
rlll)," by W. R. Coe, Trans. Conn. Acad., Vol. 9, p. 479, 1895. "The Habits and 
Early Development of Cerebratulus lacteus," by C. B. Wilson, Quart. Jour. Micros. 
8ci„ Vol. 43, 1900. 

t 8ee "Nemertean Parasites of Crabs," by W, B. Coe, Am. Nat, VoL 86, p. 431, 
1902, 
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rudimentary and without accessory stylets; 2 minute eyes: 2 species; 
parasitic on crabs. 

G. cardnophila (Kolliker). Body 15 mm. long when immature, and 
40 mm. long when mature; color red: on Portumanus (Platyonichus) 
ocellatus of the New England coast and on Carcinus mcenas and other 
crabs of the European coast, being on the gills when immature and on 
the eggs when mature. 

Family 2. PR080RHOCHMIDAE. 

Body long and thin, but rather broad; 4 eyes usually present, form- 
ing a transverse quadrangle: 3 genera and 15 species; marine or 
terrestrial. 

Geohemertes Semper. Body slender and long, but of small size; 
proboscis as long as the body with a central and 2 or 4 accessory stylets ; 
hermaphroditic or unisexual, viviparous or oviparous: terrestrial, occur- 
ring in subtropical islands, or imported into greenhouses; usually under 
stones or in rotting wood ; about 8 species. 

G. agricola (Willemces-Suhm). Body 35 mm. long and 2 mm. wide, 
very variable in color, usually milk white, brownish, or greenish; 
hermaphroditic and viviparous: common near and in mangrove swamps 
in Bermuda, 

Family 3. AMPHIPOBIDAE. 

Body usually relatively short and thick; intestinal diverticula 
branched and usually not alternating regularly with the gonads; pro- 
boscis with a single central stylet with a conical base and several acces- 
sory stylets; cerebral organs large; usually numerous eyes: 3 genera 
and over 70 species; in all seas. 

Key to the genera of Amphiporidae : 

Ox Proboscis sheath without diverticula. 

5, Eyes extending posteriorly only to brain region 1. Amphifobus 

ft, Eyes extending posteriorly behind brain region 2. Zygonemertes 

Of Proboscis sheath with a small number of ventral diverticula. .3. Pboneubotes 

1. Amphxfobto Ehrenberg. Usually short and thick and very con- 
tractile worms which cannot swim or roll up spirally; with numerous 
eyes: over 70 species, including almost a third of all American 
nemerteans. 

Key to the species of Amphiporidae here described: 

Ox Body yellow A. ochraceus 

a, Body white A. impabispinosus 

a. Body red , , , . . f ,,..,,. .A. afgulatus 
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Fig. 339 — Amphlpo- 

ru8 ochraceus 

(Verrlll). 



A. ochraceus Verrill (Fig. 339). Body somewhat flattened, with a 
somewhat broader head; yellowish in color; 7 cm. long and 3 mm. wide; 
eyes converging backwards: common between tide lines and beyond, 
tinder stones, etc., in Long Island and Vineyard 
Sounds; breeds in May and June. 

A. imparispinosus Griffin. Body small, 25 to 50 
mm. long; slender, slightly flattened posteriorly; 
white in color, sometimes with a reddish or yellowish 
tinge; ocelli in two groups on each side, converging 
anteriorly, less than forty in number: very common 
between tide lines, among algae, etc., on entire 
Pacific coast. 

A. angulatns (0. F. Miiller). Body stout with 
convex back; reddish or brownish in color; 15 cm. 
long and 8 mm. wide; head wider and set off from 
body, white in front with white spot on each side 
and an H-shaped figure in the middle; eyes nu- 
merous: common under stones between tide lines 
and beyond, from Cape Cod to Greenland; Puget Sound and north- 
wards. 

2. Zygonemebtes Montgomery. Body long and slender; head 
broader than neck, with two pairs of lateral oblique 
furrows; ocelli very numerous, extending back along 
the sides of the body: 3 species. 

Z. virescens (Verrill) (Fig. 340). Body slender 
and rather flat, usually light green in color, up to 4 
cm. long and 1.5 mm. wide; eyes numerous, in two or 
three parallel lateral rows along the side of the body : 
common between tide lines and beyond in Long Island 
and Vineyard Sounds; California. 

3. Pronetootes Montgomery. Like Amphiporus, 
but with 5 midventral diverticula in the proboscis 
sheath: 1 species. 

Zvgon'emerte* P. multioculatU8 Mont. Body yellowish-brown in 

(Verrill). color with numerous eyes in two groups; 20 mm. long 

b', 7oi^ard°end! aud 3 mm. wide: New Jersey coast; between tide lines. 



Family 4. T BT « A RTTflifMTP ATI. 

Body flat and slender or short and stout; 4 eyes usually present; 
intestinal diverticula and gonads alternate regularly; cerebral organs in 
front of the brain: 3 genera and about 75 species; in all seas, also in 
fresh water. 
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Key to the genera of Tetrastemmidae: 

o, Marine animals. 

5j Body rather flat, soft in appearance 1. Tetrastemma 

ft, Body cylindrical, rigid in appearance 3. Oebstedia 

o, Fresh-water animals 2. Stichostemma 

1. Tstsastexxa Ehrenberg. Body small, with the 4 eyes forming 
a rectangle; occasionally each eye is double or represented by a group; 
cephalic gland large; mostly unisexual, occasionally hermaphroditic: over 
60 species. 

Key to the species of Tetrastemmidae here described: 

Ox Body slender. 
b x Body widest at forward end, tapering to hinder end. 

Cj Body whitish T. caxdiduic 

c, Body more or less spotted T. vebmiculum 

ft. Body widest in the middle and tapering both ways T. elbgans 

Ot Body rather stoat with dorsal stripes T. yittatuic 

T. candidum (0. F. Miiller) (Fig. 341). Body very contractile and 
slender, white, light green, or yellowish in color, 2 cm. long and .5 mm. 
wide; head wide; hinder end tapering: common between 
tide lines and beyond, among algae, from Long Island 
Sound to Bay of Fundy; Europe. 

T. elegans (Girard). Body slender, tapering from the 
middle both ways; back with a median yellow and 2 lat- 
eral brown stripes, 2 cm. long, 1 mm. wide: among eel 
grass and on stones in Long Island and Vineyard Sounds. 
T. venniculnm (Quatrefages). Body slender, pale yel- 
low or reddish in color and more or less spotted; forward 
end broader than the hinder, 2 cm. long, 1 mm. wide: 
common on muddy bottoms between tide lines in Long 
Fig. 341 Island and Vineyard Sounds; Europe. 

Te oandidum a T. vittatum (Verrill). Body rather stout, green or 

(rill). yellowish in color, sometimes with 1 or 2 dorsal stripes, 
5 cm. long, 4 mm. wide: common on muddy bottoms at low-water mark 
and beyond in Long Island and Vineyard Sounds. 

2. Stichostemma Montgomery. Similar to Tetrastemma but with 
3 pairs of eyes; excretory organs extending the length of the body: 7 
species, in fresh water. 

S. rnbrnxn (Leidy) (8. asensoriatum Mont.). Body slender, 18 mm. 
long, yellow or reddish in color and very transparent, with 6, rarely 4 or 
8, eyes; preoral sense pit wanting; cephalic gland weak; hemaphroditic : 
Pennsylvania and Connecticut; eastern United States. 

* "The Habits and Natural History of Stichostemma," by C. M. Child, Am. Nat, 
Vol. 35, 1901. 
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S. Oebstedia Quatrefages. Body cylindrical, of similar form at 
both ends, and rigid; 4 eyes forming a quadrangle; not over 15 mm. 
long: 4 species; marine. 

0. dorsalis (Abildgaard) (Fig. 342). Body 10 mm. 
long and very slender; color variable, mottled with green, 
red, or brown : in shallow water on both the east and west 
coast of North America and in Europe, very common on 
piles and stones. 



Order 4. BDELLONEMEBTEA. 

Body short, flat, thick, and broad, with a large sucker 
at the hinder end; intestine without diverticula and con- 
voluted; proboscis without stylets, its opening coinciding 
with the mouth and almost as long as the body; no eyes 

or cerebral organ: 1 genus 




Pig. 342 
Oeratedia 
dorsalis, 
showing tbe 
front end of 
tbe body with 
the protruded 



P 



roboscls 
Verrill). 




Fig. 843 — MalacobdeUa proasa. 
A, entire worm (Verrill). 



1, 
2, mouth ; 3, Intes- 
4, sucker. B, section 
through the forward end (Biir- 
ger). 1, mouth; 2, proboscis; 
3, proboscis sheath. 



proboscis ; 
tine ; 



and 3 species, living commensally in the 
branchial chamber of marine and fresh- 
water mollusks; cosmopolitan. 

Malaoobdella Blainville. With the 
characters of the family: 3 species. 

M. grossa (0. F. Miiller) (Fig. 343). 
Hinder end of body broader than forward 
end; male 3 cm. long and 8 mm. broad, 
gray in color; female 26 mm. long and 13 
mm. broad, yellowish or brownish in color : 
in Mya arenaria, Venus, and other pe- 
lecypods, on both sides of the north 
Atlantic. 



Subphylum 2. NEMATHELMINTHES.* 

Roundworms. Unsegmented, round worms, usually so elongated 
and slender that they are called thread or hair worms, which are ento- 
parasites in animals or plants or lead a free life in the water or in moist 
earth. The body is not ciliated and is without paired appendages and 
usually without external bristles, hairs, or suckers. With a very few 
exceptions all are unisexual. 

The subphylum contains 3 classes. 

• See "The Determination of Generic Types and a List of Round Worms Genera 
and Their Original and Type Species,*' by C. W. Stiles and A. Hassall, Bull. 70, Bur. 
of An. In<L, Dept. of Ag., 1005. 
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Key to the classes of Nemathelminthes: 

Ox No spiny proboscis at forward end ; intestine present. 

b x Mouth and intestine not degenerate in adult; lateral lines present. 

1. Nematoda 

5, Mouth and intestine degenerate; lateral lines absent 2. Gobdiaoka. 

a, Spiny proboscis present ; no intestine 3. Acanthocrphala 

Class 1. NEMATODA.* 

Threadworms (Fig. 344). Round, slender worms, usually white 
or flesh color in appearance, which vary from microscopic size to a 
meter in length. The integument consists of a cuticula 
which is usually smooth on the outer surface and a soft 
subcuticula; no hypodermis is present, but the subcuticula 
is supposed to represent it. There is a voluminous body 
cavity into which the subcuticula projects along the 
median dorsal and ventral and the two lateral lines, 
forming thus 4 prominent longitudinal ridges. In the 
lateral ridges run the paired excretory canals, which open 
to the outside by a pore just behind the mouth, and the 
lateral nerve cords; and in the dorsal and ventral ridges 
are also nerve cords. Lying next the subcuticula is a 
single layer of characteristic, longitudinal muscle fibers, 
no circular fibers being present. The nervous system con- 
sists of a nerve ring containing ganglion cells which sur- 
rounds the oesophagus and a number of longitudinal nerves 
extending both forwards and backwards, those going back- 
wards being joined by transverse commissures. The only 
special sense organs are simple eyes, which some nema- 
todes possess, and also sensory papillae. 

The body cavity is without mesenteries, transverse 
septa, or peritoneal lining and contains blood. Lying in 
it are the alimentary canal and the reproductive organs. 
The mouth is at the forward end of the body and may be 
surrounded by sensory lips or papillae, and armed with 
chitinous teeth. The oesophagus is a muscular sucking- 
organ into which a pair of long glands may open; its 
hinder end may be constricted, causing the formation of one or two 
swollen divisions, called oesophageal bulbs. The intestine is a straight 
tube which passes to the anus near the hinder end of the body. The 

* See "Monograpble der Nematoden," by A. Schneider, 1866. "Die Sdsswasser- 
fauna Deutschlands," by U A. JftgersklSld and O. von Llnstow, Heft 15, 1909. "The 
Nematodes Parasitic in the Alimentary Tract of Cattle, 8heep," etc., by B. H. Ran- 
som, Bull. 127, Bur. An. Ind., 1911. 




Fig. 844 
Diagram of 

female 

nematode 
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1, month 

2, nerve ring 

8. oesophagus 

4, excretory 

pore 

5, intestine 
6, ovary 

7, genital pore 
8, anus. 
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animals are, with a few exceptions, unisexual, the females being larger 
than the males, with a genital pore near the middle or towards the for- 
ward end of the body. The genital organs are simply formed tubular 
structures. In the male the testis is usually a single tube which 
communicates with the rectum. Anal papillae are often present; long 
spicules also .usually^ project from the anus of the male by means of 
which it attafihes_itself to the female; in the Strongillidae and other 
families an expansion of the hinde r end called the bursa also serves the 
same purpos e. The spermatozoa are short and tailless. In the female 
two genital tubes are present which meet near the external opening. The 
distal ends of these are ovaries and produce the eggs while the proximal 
ends act as uteri. The eggs of the various species have a characteristic 
appearance by means of which the animals may be identified (Fig. 345). 
Many nematodes a re viviparous, the 
yo nnp animal s developing in the uterus. 
Habits and Z^wfnfcttTuTn. --Nematodes 
are mostly active animals which move by 
a peculiar whipping motion of the body. 
With the exception of certain minute 

forms which lead a free life in fresh |^g. 345— Eggs of various nema- 
todes (from ward). A, Ancylos- 
and salt water and in decaying organic J oma duodenaie ; b, Necator amer- 

* & ° icanus; C, Ascaris lumbrlcoldes ; 

matter, they are internal parasites of ^^.S^*,***^ 
animals and plants, being among the 

commonest parasites of man and the domestic animals. Like most para- 
sites, many pass through a metamorphosis in their youth and may live 
in two diffe rent hosts. 

History.— Some of the commonest nematodes which are the cause of 
disease in man and his domestic animals have been known for a very long 
time and were much studied by the early zoologists. In 1808 Rudolphi 
created the orders Nematode* and Acanthocephala, and in 1851 Vogt 
formed a class of these two orders and the Gordiacea, which he called the 
Nematelmia. The most active investigators of nematodes at the present 
time in this country are the United States Department of Agriculture and 
the Marine Hospital Service. 

The class contains about 15 families and several thousand species. 

Key to the families of Nematoda here described: 

«, Mostly non-parasitic nematodes. 

6t Marine and free-swimming nematodes 1. Enoplidae 

6, In fresh water or in the ground ; a few parasitic in animals and plants. 

2. Anguillulidae 
a, Parasitic nematodes. 

6i Parasitic in invertebrates ; mouth with 6 papillae 3. Mermitidae 

6, Parasitic in vertebrates. 
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Ox Month not surrounded by 3 prominent lips. 
dt Body very long and filiform ; 4 pairs of papillae around the anus of 

male 4. Filabiidak 

d, Anterior part of body with a very long and characteristic row of cells. 

5. Tkichinellidae 

d, Male with a large bell-shaped bursa 6. Stbongilidae 

«t Mouth surrounded by 3 prominent lips 7. Asgajudab 

Family 1. ENOPLIDAE. 

Minute, free-living worms, found principally in the sea, but also in 
fresh water or in the earth; mouth often surrounded by hairs and 
bristles; oesophagus without bulb; eyes often present; male with spicules: 
numerous species. 

1. EvoPLiro Dujardin. Body elongate, tapering behind; cuticula 
smooth; mouth with 6 papillae, behind which is a circlet of 10 to 12 
bristles: numerous species in both salt and fresh water. 

XL brevia Bastian. Lives among algae and hydroids in shallow 
water; often greenish in color; length 5 mm. 

2. Dobylaxxitb Dujardin. Large worms; cuticula smooth, not 
ringed ; extreme front end set off by a constriction ; mouth with papillae 
and a large bristle: numerous species, which live at the roots of plants 
in moist earth and water. 

D. maximnfl Biitschli. Length 7 mm.: in garden earth. 

Family 2. ANGUILLULIDAE^ 

Minute worms which lead a free life in water or earth or decaying 
substances, or are parasitic in plants or (rarely) in animals; mouth with- 
out papillae; oesophagus with 2 bulbs; male with 2 spicules and some- 
times with a bursa: numerous genera and species. 

Key to the genera of Anguillulidae here described: 

a* Free-living worms, in soil or decaying substances. 

Oj Mouth with 2 or 3 teeth 2. Diflogasteb 

o. Mouth without teeth. 

Ox In vinegar or paste 1. Anguuxula 

c, In the earth or decaying substances 3. Rhabditis 

Os Parasitic worms. 

bx Parasitic in plants ; a spine in the mouth. 

Ox In the roots of vegetables 4. Hetebodera 

c, In wheat tf. Tylenchus 

6, Parasitic in animals. 

Ox In the bumble bee 5. Sph^ebulabia 

o, In man 7. Stbongyloides 

• Bee "Helmlnthologlcal Contributions," No. 2, by J. Leidy, Proc Acad. Nat. ScU 
Phlla., Vol. 5, p. 224. "Monograph of the Anguillulidae," by H. C. Bastian, Transact 
Linn. 8oc, London, Vol. 25, 1866. "On the Family Anguillulidae," etc, by J. Leidy, 
Proc A, N. 8., Phlla., Vol. 22, p. 68, 1870. 
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Cuticula smooth and ringed; body elon- 
behind the middle; spicules long; no 




Fig. 346 

Diplogaster rivaU* 

(SUbsw. F. Deut.). 

A, whole worm 

B, head. 



1. Anguillxtla Ehrenberg. 
gate, tapering behind; vulva 
bursa: several species. 

A. aceti (0. F. Muller). Vinegar eel. Length 2 
mm.: in vinegar, living on the fungus forming the 
"mother/' also in stale paste; has also been found in 
the human bladder. 

2. Diplogaster M. Schultze. Body elongate; 
cuticula ringed and often ridged; body tapering be- 
hind ; mouth with 2 or 3 teeth and often with papillae 
around it; male with or without bursa: numerous 
species; in fresh water, earth, and decaying sub- 
stances. 

D. rivalis Leydig (Fig. 346). Length 2 mm.; 
hind end tapering to a long, fine point; mouth sur- 
rounded by a membrane around which are 6 short bristles: viviparous; 
common in ponds and streams. 

3. Rhabditis Dujardin. Minute worms living in decaying sub- 
stances or the ground; head end often constricted: 
mouth triangular, usually with 3 to 6 lips; body 
slender, ending with a point; male with 2 short 
spicules: many species. 

B. terricola Duj. Body without distinct rings, 1.4 
mm. long; mouth cavity long, with 2 ring-shaped thick- 
enings at its base: common. 

4. HSTEBOOEBA Schmidt. Minute worms infecting 
the roots of various plants, with a spine in the mouth 
for piercing plant tissues: 1 species. 

H. schachti* Schmidt (H. radicola 0. F. Muller) 
(Fig. 347). Male 1.5 mm. long, .045 mm. thick; female 
1 mm. long and viviparous, being .5 mm. thick when 
full of young: in the roots of various vegetables and 
other cultivated plants, causing swellings. 

5. Spkbbula&ia Dufour. Minute worms, free- 
living and parasitic; male with a bursa; mouth with a 
tooth: 1 species. 

8. bombi Duf. The young animals, about 1 mm. 
long, live in the earth; after pairing, the fertilized 
females migrate into the body of a hibernating queen bumblebee; here 
the uterus, filled with growing larvae, evaginates out of the vulva and 

• See "Nematode Worms In the Greenhouse," by G. B. Stone and R. B. Smith, 
Bull. No. r»5, Hatch Bxp. Sta, of Mass., Ag. Col., 1898. 




Pig. 347 
Heterodcra 
$chachti 
(Stone and 
Smith). 
1, pharynx ; 2, 
Intestine; 3, ex- 
cretory pore ; 4, 
genital pore and 
anus ; o, testes. 
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grows until it is many times the size of the rest of the worm, reaching 
a length of 15 mm ; the young larvae are born in the bee. 

6. Ttlkhohub Bastian. Cuticula ringed; body tapering to a point 
behind; mouth with a spine for piercing plant tissues; vulva much back 
of the middle: numerous species, which are parasitic in plants. 

T. tritici Bast. Male 2 mm., female 4.5 mm. long and spirally 
rolled together; color yellowish: in wheat, in a grain of which several 
larvae may live; when the wheat is sown the larvae migrate into the 
young plants and finally become mature in the buds; 
the eggs are laid here and the young larvae migrate 
into the ripening grain and remain there; they can lie 
in dried wheat for years without dying. 

7. Stkohoyxoides Grassi. Minute worms with 
heterogony, a non-parasitic, unisexual generation alter- 
nating with an hermaphroditic parasitic generation, the 
former having a very long cylindrical oesophagus, the 
latter with a short oesophagus with a bulb; no teeth 
and 2 spicules present: 1 species. 

S. stercorals* (Bavay) (Fig. 348). Hermaphro- 
ditic form (S. intestinalis Bavay) 2.2 mm. long and 
.034 mm. wide, with an oesophagus a quarter as long as 
the body ; vulva in the hinder part of the body : it lives 
in the human intestine and causes Cochin China diar- 
rhoea, having been first observed in that country; a few large eggs are 
produced, from which hatch rhabditiform larvae, which are about .3 mm. 
long ; they pass out with the feces and develop into the unisexual form, of 
which the male is .7 mm. and the female is about 1 mm. long, and which 
lead a free life; from their eggs the parasitic generation develops; in 
this country and Europe only the parasitic generation is known. 




Fig. 848 
BtronoyUAde9 
stercorals 
(Braun). 
A, hermaphro- 
ditic form 
B, larva. 



Family 3. MEBMITIDAE. 

Hairworms. Body long and filiform; mouth with 6 papillae; adults 
without anus; hinder part of the intestine solid; male with 2 spicules 
and 3 rows of papillae: the young animals live in the body cavity of 
insects, especially caterpillars, grasshoppers, and beetles, and occasion- 
ally spiders and snails or crayfish, from which they migrate into the ground 
or the water; here they become mature and lay their eggs; 1 genus. 

MEBMisf Dujardin. With the characters of the family: several 
species. 

• Bee "Occurrence of Strongyloses intestinalis in the United States," by If. L. 
Price, The Jonr. of the Am. Med. Asso., Vol. 41, 1903. 

t See •'Observations," etc., by J. Leldy, Proc. A. N. S„ Phila., Vol. 5, p. 262. 
"A Synopsis of Bntosoa," etc., by same. Ibid., VoL 8, 1856, p. 42. 
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M. nigresoens Duj. (Fig. 349). Body 12 cm. long, .5 mm. thick, 
attenuated anteriorly and blunt behind; color white, with the black 
ovary showing through ; the young worms migrate on warm 
summer days from the body of their hosts, often in large 
numbers, into the moist earth, causing a belief that they 
have rained down. 

Family 4. FTLABIIDAE.* 

Body very long and filiform; mouth often surrounded 
by papillae or by 2 lips; no oesophageal bulb; male with 1 

n*y spicule or with 2 of unequal size and with a spiral twist 

\\ of the hinder end ; usually viviparous : several genera. 

Filaaza 0. F. Miiller. Vulva towards the forward 
end; male with 2 spicules, and much smaller than the 
female: numerous species, which live in man and other 
vertebrates as final hosts, and probably in insects or crusta- 
ceans as intermediate hosts; Leidy mentions over 30 species 
in this country. 

F. immitisf Leidy (Fig. 350). Length of male 18 cm.; 
thickness .9 mm., with a corkscrew hinder end; length of 
female 30 cm. ; thickness 1.3 mm. : in the heart and veins of 
\ \J the dog, the .28 mm. long larvae appearing in the blood, 

especially in the night time ; the larvae are transferred from 
one dog to another by mosquitoes; very common in China 
and Japan, and occurring in America and Europe; it some- 
times infects man. 
F. bancrofti Cobbold (Fig. 351). Male 
4 cm. long, .1 mm. thick and colorless; 
female 8 cm. long, .28 mm. thick and 
brownish in color: in the heart and lymph 
vessels of man in the tropics, also in the 
southern United States, the .3 mm. long 
larvae appearing in the blood, but in the 
surface circulation only at night ; the larvae 
are transferred from one person to an- 
other by mosquitoes; one of the causes of 
elephantiasis. 

F. loa (Cob.). Male 30 mm. long, .4 mm. thick, with 8 large cir- 
cumanal papillae; female 41 mm. long and .5 mm. thick; body with 

• See "The Zoological Characters of the Roundworm Genus Fllarla," etc., by 
C. W. Stiles, Bull. 34, Hygienic Lab., etc., 1907. 

t See "Notices of Nematold Worms," by J. Leidy, Proc. A. N. S., Phila., 1886, 
p. 308. 



Fte. 350 
Ftlaria 
immiti$ 
(from Braun), 
A, male 
B, female. 




Fig. 851 — Fttaria bancrofti 

(from Braun), showing 

several worms among 

blood corpuscles. 
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numerous small protuberances, irregularly distributed: beneath the con- 
junctiva of the eye, in the eyelid, or in the subcutaneous tissue of other 
parts of the body in man; on the west coast of Africa and occasionally 
in America and Europe. 

F. medinensiB (L.). Medina or Guinea worm. Length of female 
2 m. or less; thickness 1.7 mm.; color white or yellowish; intestine 
atrophied; male not known: in the subcutaneous tissue of man, espe- 
cially in the legs, also in domestic animals, producing a sore which 
breaks to the outside, freeing the embryos; the young are found in 
Cyclops and are probably conveyed with drinking water into the human 
body; in Africa and other tropical countries, and supposed to be the 
"burning fiery serpents" which troubled the children of Israel in the 
desert. 

Family 5. TBICHINELLIDAE. 

Elongated worms with the forward portion attenuated, often ex- 
tremely so; mouth without papillae or teeth; oesophagus slender, without 
bulb, and very long, in some cases being half as long as the body, and 
situated beneath a very characteristic row of conspicuously large cells; 
male with 1 spicule or none; female with but 1 ovary: 3 genera and 
numerous species, all internal parasites. 

Key to the genera of Trichinellidae : 

Ox Forward portion very slender ; whip worms 1. Tbichuris 

o a Forward portion not whip-like. 

b x Male without spicule 2. Tbicbtxella 

6, Male with spicule 3. Tbichosoma 

1. Tbxchtt&ib Roederer (Trichocephalus Goeze). 

A \ tT fls\8 B Body made up of 2 portions, a very slender forward 

** portion, containing the oesophagus, and a thick hinder 

portion, containing the reproductive organs; hinder 

end of male rolled up and with spicule; vulva at the 

*s0z£ forward end of the thick portion: in the large intes- 

*£\f tine, especially the caecum, of mammals; development 

""** direct, infection resulting from swallowing the eggs; 

Fig. 352 
Trichuria trichiura 1 species. 

A, fema?e; r ?r > maie, T. trichiura* (L.) (Trichocephalus dispar Ru- 

W end imbedded in dolphi) (Fig. 352). Whip worm. Male 45 mm. long; 

mucous mem- female 50 mm. long; eggs (Fig. 345, E) ellipsoid, .05 

mm. long and .023 mm. thick : in man, cosmopolitan ; 

perhaps the commonest intestinal parasite in man and often the indirect 

cause of appendicitis and typhoid fever. 

• See "A Statistical Study of the Prevalence of Intestinal Worms In Man," bj 
C. W. Stiles and P. B. Garrison, Bull. No. 28 of Hygienic Lab., 1906. 
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2. Tbiohxhella Railliet (Trichina Owen). Minute worms, with the 
forward portion not much slenderer than the hinder; male without spic- 
ule but with 2 conical projections at hinder end; viviparous; anus 
terminal: 1 species. 

T. spiralis* (Owen) (Fig. 353). Male 1.5 mm. long; female 3.5 mm. 
long; young born alive: in the small intestine of man, the pig, rat, and 
other animals. The young worms, which are about .1 mm. long, are the 
cause of trichinosis. They bore their way 
through the intestinal wall of the host and 
migrate in the blood and lymph to the muscles, 
where they encyst themselves and frequently 
so lame the muscles of the jaws, neck, and 
thorax that their functioning is interfered with 
and death may ensue. If meat containing the 
cysts be eaten by another animal or a person 
the worm is released and passing into the in- 
testine quickly becomes mature. Man gets the 
infection by eating insufficiently cooked pork 
containing the cysts; the pig gets it by eating 
offal or rats. The rat is supposed to be the 
original host of the worm. 

S. Tkichoboma Rudolphi. Body hair-like, 
the forward portion not much slenderer than 
the hinder; usually a single spicule present: 
in birds and mammals; numerous species. 

T. tenuissimum Diesing. Male 10 
long; female 17 mm. long: in duodenum 
the pigeons. 

T. crassicaudum Bellingham. Female 17 mm. long; forward end 
rounded and with small protuberances back as far as the vulva; male 
2.5 mm. long, without spicule, and lies often in the female vulva: in the 
liver and other organs of the rat. 




of 



Pig. 353— TVicWneHa spi- 
ralis (from Ransom). A, 
female : B, male ; C, a piece 
of pork containing cysts ; 
D, an enlarged cyst. 1, fe- 
male genital pore; 2, em- 
bryos in the uterus; 3, 
ovary; 4, anus; 5, testis. 



Family 6. STBONGYLIDAE. 

Mouth surrounded by several papillae; no oesophageal bulb; hinder 
end of male expanded to form a broad bursa (Fig. 355, B), also with 
1 or 2 spicules : numerous genera and species which live in the intestine, 
lungs and other organs of vertebrates, especially mammals. 

• 8ee "Trichinosis in Germany," by C. W. Stiles, Bull. No. 30, Bureau of An. 
Ind-, U. 8. Dept. of Ag., 1901. 
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Key to the genera of Strongylidae here described : 

Ot Bursa well developed. 

6j Bursa without ribs; 1 spicule 1. Dioctophymb 

6, Bursa with ribs; 2 spicules. 
Ox Mouth small, without teeth. 

dx Male and female not permanently attached 2. Dictyocaulus 

dj Male and female permanently joined together 3. Syngamus 

c, Mouth large, with teeth. 
dx Without oral glands. 

ex Without ventral teeth but with cutting plates 4. Necatob 

e, With ventral teeth 5. Anchylostoma 

dj Two long oral glands 6. Stbongylus 

o, Bursa small ; in fishes 7. Cucullanub 

1. Dioctofhtxz Collet (Eustrongulus Diesing). Large worms with 
6 prominent oral papillae; bursa without ribs; 1 spicule present; vulva 
near forward end: 1 species. 

D. renale (Goeze) (D. gigas Rudolphi) (Fig. 354). Body generally 

blood red ; male 40 cm. long or less and 6 mm. thick ; female 1 m. long or 

less, and 12 mm. thick; egg (Fig. 345, A) ovoid, brown, 

and about .068 mm. by .04 mm. : in the kidney of the dog 

and other domestic animals as well as rarely in man. 

2. Diotyooaxtlub Railliet and Henry. Mouth with 6 
small papillae, bursa large with ribs and two spicules; 
female genital pore behind the middle: many species. 

D. filaria (Rudolphi). Body white and thread-like, 
from 3 to 10 cm. in length; egg about .12 mm. by .06 mm.: 
* in the bronchi of sheep and goats, causing often a dan- 
gerous bronchitis. 
Fie 354 **• "tf 6806118 (Leuckart). Body brown and thread- 

Dioctophjme l& e > from 18 to 35 mm. long; egg about .1 mm. by .06 
(frooTward). mm - • * n the bronchi and lungs of sheep and goats, causing 
often pneumonia. 

3. Syhoamus von Siebold. Male permanently attached by the 
bursa to the vulva of the much larger female, which is forward of the 
middle, forming together a Y-shaped object; bursa ribbed: 1 species. 

S. trachealis v. Sieb. Body red; male 6 mm. long; female 20 mm. 
long: in the trachea of fowls, causing gapes. 

4. Negator Stiles. Head end narrower than body and curved 
dorsally; mouth large, opening obliquely into a chitinous buccal capsule, 
the dorsal portion of which is shorter than the ventral; buccal cavity 
has ventrally a pair of prominent semilunar cutting plates or lips and 
dorsally a pair of smaller lips and a conical tooth projecting into it; a 
large bursa with 2 long, barbed spicules : 2 species, in man and anthropoid 
apes. 
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N. americanufl* (Stiles). American hookworm (Fig. 355). Male 9 
mm. long; female 11 mm. long; vulva in forward half of body; eggs 
(Fig. 345, B) about .07 mm. long by .038 mm. broad : in the small intes- 
tine of man and the gorilla, where it moves about sucking blood, causing 




Fig. 356 — Necator americanus. A, dorsal view of head, showing cutting lips and teeth 

(Looss) ; B, hinder end of male, showing bursa (Stiles). 

1, ventral catting lips. 

often a severe senemia; very common in the South among the poorer 
classes; the eggs pass out with the feces, the young worms living in the 
moist earth; infection may be got by drinking infected water, by eating 
infected substances, and even as the result of the migration of the young 
worms through the skin of feet or hands. 

5. Anohtlostoma Dubini. Similar to Neca- 
tor but with head end not narrower than body 
and with 2 pairs of large ventral-curved teeth 
and a pair of dorsal teeth in place of the cutting 
plates, directed forwards ; vulva in hinder half of 
body: 5 species. 

A. duodenale Dub. (Figs 345, A, and 356). 
Old World hookworm. Length of male 9 mm.; 
of female 12 mm.: in man, in Europe and Asia, 
occasionally in America. 

A. caninmn (Ercolani). Similar to the above 
but somewhat larger : common in dogs and cats and often fatal to young 
animals. 

6. Strovgylto 0. F. Miiller. Similar to Anchylostoma but with 
two long glands opening into the mouth, around which are small flat 
spines: numerous species. 

• See "Report upon the Prevalence and Geographic Distribution of the Hook- 
worm Disease in the United States," by C. W. Stiles, Bull. No. 10, Hygienic Lab., 
Treas. Dept., 1903. " Uncinariasis In the South," by C. A. Smith, The Jour, of the 
Am. Med. Asso., Vol. 41, p. 709, 1903. "The Anatomy and Life History," etc., by A. 
Loess, Records of School of Med., Cairo, 1911. 




Fig. 356 
Anohylostoma duodenale 
— dorsal view of head, 
showing teeth (Loo 88). 
1, ventral teeth. 
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8. eguinus MiilL The armed palisade worm. Male 20 to 30 mm. 
long; female 23 to 55 mm. long, 2 mm. thick; body red or brown, straight 
and rigid; mouth with small teeth; egg .09 by .05 mm.: common in the 
cecum or colon of the horse, causing colic; the young worms live in 
water and moist earth and pass directly in drinking water into the 
horse; they are also found in the abdominal arteries where they cause 
aneurisms. 

7. Oxtoxtllantts 0. F. Muller. Small worms with 2 lateral chitinous 
plates on the head and with rudimentary bursa; mouth ridged longi- 
tudinally; male with a spicule; vulva in the middle of the body: several 
species. 

0. elegans Zeder. Male 8 mm. long; female 13 mm. long; body 
yellowish or reddish; mouth with 6 papillae: in the intestine of the 
perch and other fish. 

Family 7. ASCABIDAE. 

Body often rather stout and large; mouth surrounded by 3 promi- 
nent lips, 1 dorsal and 2 ventral; oesophagus with 1 or 2 bulbs; hinder 
end of male spirally curved and usually 1 or 2 spicules project from the 
anus: several hundred species, almost all intestinal parasites in 
vertebrates. 

Key to the genera of Ascaridae here described : 

a, Large nematodes with prominent lips 1. Ascaris 

g, Small nematodes with usually small lips. 

&i Male with a sucker before the anus 3. Heterakis 

6, No sucker present 2. OxYURis 

1. Asoabis L. Large worms in which the 3 lips are set off by a 
constriction, forming a distinct knob at the front end of the body; 

oesophagus without distinct bulb; male with 2 
f <Ch ^3& equal spicules and numerous ventral caudal papil- 
f l\\ /J * ae : several hundred species, which live in the 
II I ( . I intestines of birds and mammals. 

& c A. lnmbricoides L. Eelworm (Fig. 357). Male 

^i^TFAX^ 15 t0 25 cm - !«»* 3 mm. thick; female 20 to 40 

b: di»f "ew'&'ElSt cm ' lon ^ 5 mm ' thick ' e ^ ^ ^ C > brown ' 
fro d ni end? ntral Vlew ° f with roughened surface, about .06 mm. by .05 
mm.; body with the appearance of an earth 
worm: in the small intestine of man and domestic animals, sometimes in 
considerable numbers, especially in children, when they are dangerous 
parasites; occasionally found in the liver, trachea, and other organs; 
development direct, the eggs pass out with the feces, and the young 
larvae develop in water or moist earth ; infection is got in drinking water 
or from the ground or from the skin of raw fruits. 
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Fig. 358 
Ascarto canto. 
Cross section 
showing fins 
(from Braun). 



A. equonun Goeze (A. megalocephala Cloquet). Maw worm. Length 
15 to 37 cm.; thickness 8 to 12 mm.; eggs spherical, .1 mm. in diameter: 
in the small intestine of the horse, often in large num- 
bers, when it is a dangerous parasite. 

A. canifl (Werner) (A. mystax Zeder) (Fig. 358). 
Male 6 cm. long, 1 mm. thick; female 18 cm. long; a 
pair of fin-like projections on the sides of the head; 
eggs (Fig. 345, D) almost spherical, about .07 mm. in 
diameter: in the intestine of cats and dogs, usually 
common, occasionally in man; development direct. 

2. Oxtttrib Rudolph i. Small worms in which the 3 lips are more 
or less indistinct; oesophagus long, with a bulb followed by a dilated 
portion ; hinder end of male very short with but 1 spic- 
ule; vulva in forward half; hinder end of female taper- 
ing to a sharp point: about 15 species; in the large 
intestine of vertebrates, also in certain insects. 

O. vermicularis (L.). Pin worm (Fig. 359). Female 
10 mm. long; .6 mm. thick; male 4 mm. long; a dorsal 
and a ventral cuticular projection on the head; egg 
(Fig. 345, F) .05 mm. by .02 mm.: in the large intes- 
tine, also occasionally in other parts of the digestive 
tract of man, especially of children; often the indirect 
cause of appendicitis; development direct, the eggs of 
the females being taken in with drinking water or 
directly from the hands. 

3. Hete&akis Dujardin. Lips as in Ascaris; male 
with a large sucker surrounded by 4 papillae before 
the anus and 2 lateral thickenings ; oral papillae small : 
numerous species. 

H. vescularis Froehlich. Length 7 to 15 mm.; tail 
of male with 5 preanal and 7 postanal papillae ; no teeth 
in mouth : in the large intestine of chickens and ducks. 
H. brevicauda (Zeder). Length 5 mm.; mouth surrounded by 10 
papillae : in the intestine of frogs and toads. 




Fig. 360 

Ompuris 

vermicularis 

(from Braun). 

A, (emale 

B, male. 

1, oesophagus 

2, rnlva; 8, anus. 



Class 2. GOBDIACEA * 

Hair worms. Long and very slender worms of the same diameter 
throughout and never sharply pointed behind, which are sometimes found 

• See "The Oordlacea of Certain American Collections," by T. H. Montgomery, 
Bull. Mm. Comp. Zool., Harvard, Vol. 32, 1898. Ibid., by the same, Pt 2, Proc. 
CaL Acad. C. Set, 3rd Ser., Vol. 1, 1898. "Synopsis of the Oordlacea," by the same, 
Am. Nat, VoL 83, p. 647, 1899. 
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wriggling actively in fresh-water ponds and ditches, and look much like 
thick horsehairs. Sometimes a number are found in a tangled mass, a 
feature which suggested the name of the typical genus. As larvae the 
worms live in the body cavity of insects, whence they migrate into the 
water, their sudden appearance often giving rise to the common belief 
that they are metamorphosed horsehairs. 

The integument consists of a thick cuticula and a hypodermis, the 
latter being a single-layered epithelium and very different from the sub- 
cuticula of nematodes. Beneath the integument is a muscle layer consist- 
ing of a single layer of longitudinal muscle cells. The body cavity is 
lined with a peritoneum and traversed by dorsoventral mesenteries and 
is nearly filled with a mass of connective tissue cells forming a sort of 
parenchyma. The mouth and oesophagus in adults are closed and the 
intestine is a straight tube proceeding to the anus at the hinder end of 
the body. Special respiratory, circulatory, and excretory organs are 
absent. 

The nervous system consists of a nerve ring round the oesophagus 
with two dorsal swellings and a median ventral cord. The sense organs 
are a pair of eyes and numerous tactile bristles. The 
sexes are separate; two testes and two ovaries are 
present and in both sexes the reproductive organs open 
to the outside through the anus. 

The eggs are laid in long strings in the water, the 
Gord&« 3 iarva length of one observed by Leidy being 91 inches, and 
^D^ut).^ containing 6 million eggs. The young larvae (Fig. 
360), after hatching, seeks some aquatic insect larva 
into which it bores its way by means, of bristles on the head. It remains 
here in the muscles or fat body until the insect is eaten by some other 
water insect or fish or has completed its larval life and left the water as 
an adult. If in the latter case the host is eaten by a predaceous beetle 
the larval worm may pass into its second larval stage in its body cavity, 
or in la grasshopper or other insect if the first host dies and the young 
larva falls upon the ground. In its second host the worm grows rapidly 
and assumes the long hair-like form of the adult, and finally breaks its 
way through the body wall of its host and falls into the water or is swept 
there by the rain, where it becomes mature. 

The class contains 2 families and about 15 American species. The 
second of these families is very different from the first and its relationships 
are rather obscure. 

Key to the families of GorcUacea: 

Oi Fresh-water and terrestrial worms 1. Gobdhdae 

a, Marine worms 2. Nectonkmahdab 
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Family 1. GORDIIDAE. 

With the characters of the order: 4 genera. 
Key to the genera of Gordiidae here described : 

Ot Hinder end bilobed or trilobed. 

&i Hinder end bilobed and rolled spirally. 

Ox Head end not obliquely truncated 1. Gobdius (male) 

c, Head end obliquely truncated 2. Pabaoobdius (male) 

6, Hinder end trilobed 2. Pabaoobdius (female) 

a, Hinder end not forked. 

b x Hinder end rolled spirally 3. Chobdodes (male) 

6, Hinder end not rolled spirally. 

Ox Hinder end not swollen 1. Gobdius (female) 

c, Hinder end swollen and knob-like 3. Chobdodes (female) 

1. Gobdius L. Hair worms with a forked and spirally rolled tail 
and often a V-shaped ridge behind the anus in the male, and a straight, 
unf orked tail in the female : about 10 species. 

G. aquaticus L. (G. robustus Leidy) (Fig. 361). Length 28 to 89 
cm.; thickness .5 to 1 mm.; color white or brown; ends blunt; V-shaped 
postanal ridge in male: cosmopolitan. 






Fig. 861 Fig. 362 Fig. 363 



Fig. 361 — Gordlu* aquaticus; hinder end of male (Montgomery). Fig. 362 — 
Oordius lineatus; hinder end of male (Montgomery). Fig. 363 — Paragordiu* varius; 
hinder end of female (A) and male (B) (Montgomery). 

G. lineatus Leidy (Fig. 362). No distinct V-shaped ridge behind 
the anus, on each side of which in the male is a longitudinal line of 
hairs; color yellowish-white; female with longitudinal rows of cuticular 
areoles: eastern states. 

2. Pajulgobdito* Camerano. Hair worms with a forked and spirally 
rolled tail in the male, and a trilobed tail in the female: 1 species. 

P. varius (Leidy) (Fig. 363). Length 10 to 30 cm.; head of male 
obliquely truncated; the commonest gordian: occasionally occurs in 
human digestive tract; North America. 

3. Ghordodes Mobius. Hair worms with the hinder end spirally 
rolled and not forked in the male, but not rolled and with a knob-like 
posterior swelling in the female: 5 species. 

• Pee "Observations on the Natural History of the OordJacea," by J. Leidy, 
Proc A. N. 8., Phils,, Vol. 5, p. 262. "The Adult Organisation of Parafordlos varins 
Leidy,'* by T. H. Montgomery, ZooL Jabrb., VoL 18, p. 887, 1003. 
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0. morgan! Montgomery (Fig. 364). Length 6 to 22 cm.; color 
brown; head white: eastern states. 

Family 2. NECTONEMATIDAE. 

Marine worms with body faintly ringed externally 
and with 2 rows of fine bristles on each side; anus absent; 
tail of male carved ventrally and ends with 
a conical projection: 1 genus and species, 
! -M which is found swimming at the surface of 

\\m\ the sea. 

[Ijy Nectohema Verrill. With the char- 

Fig. 364 acters of the family. 

*^o°n<? N. agile* Verr. (Fig. 365). Length of 

hlnd fem£i n e d ° f male 5 to 20 cm.; of female 3 to 6 cm.; j^SfeSL 
(Montgomery), thickness .3 to 1 mm.; color grayish-white: "* (Ward) - 
marine, and pelagic at Newport, R. I., and Woods Hole; Naples; the 
larval form parasitic in small crustaceans (PaUemonetes) . 

Class 3. ACANTHOCEPHALA.f 

Elongated, parasitic worms which live as adults in the intestine of 
vertebrates, to the walls of which they attach themselves by means of a 
retractile proboscis armed with hook-like spines, and as larvae in the 
bodies of small invertebrates, especially crustaceans. 

The body of the adult may be divided into three regions, the proboscis, 
the neck, and the trunk. The proboscis is a more or less cylindrical struc- 
ture at the front end of the body provided with several rows of recurved 
spines. The neck is a continuation of the proboscis, but is without spines 
and is sharply set off from the trunk. The trunk forms the principal 
part of the body and is usually smooth, but may be annulated or spinose. 
The integument consists of a cuticula and a subcuticula; in the latter is a 
network of fibers and also large spaces of lacunae, and beneath it are 
circular and longitudinal muscle fibers. A large body cavity is present 
Extending backwards from the base of the proboscis in most forms is the 
proboscis sheath, a muscular sac into which the proboscis can be invagi- 
nated and thus retracted. In certain forms, however, the sheath is inserted 
near the middle or forward end of the proboscis, in which case it can be 
only partially retracted or not at ail. Extending backwards from the base 

• See "On Nectonema agile Verrill," by H. B. Ward, Bull. Mua. Comp. ZooL, VoL 
23, p. 135, 1892. 

t See "Gesctaichte and Ergebnlsse der Echinorhynscben Forschung," etc., by M. 
Lflbe, Zool. Annalen, Vol. 1, p. 139. "Acantbocepbalen," by M. Lflbe, Sflaiwaaaer- 
fauna Deutscblands, Heft 16, 1911, 
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of the neck is a pair of long projections of the subcuticula called the 
lemnisci, the function of which is not known. The excretory system con- 
sists of a pair of nephridia which unite and open into the reproductive 
duct. The nervous system consists of a central ganglion in the proboscis 
sheath and two main nerves which run backwards; no special sense organs 
are present No digestive tract is present. 

The Acanthocephala are unisexual. Extending back from the probos- 
cis sheath is a prominent band-like structure called the ligament which ends 
in the hinder part of the body cavity. In the male two ovoid testes are 
connected with the ligament, the vasa deferentia, with which several glands 
are joined, passing back to the complex genital opening at the hinder end 
of the body. In the female the ovary is also in the ligament; the ova 
escape into the body cavity whence they pass through an oviduct of com- 
plicated structure to the external opening at the hinder end of the body. 
Fertilization takes place in the body cavity and the embryonic development 
takes place there. The eggs then pass out and in order to develop farther 
must be swallowed by a crustacean or insect. The larval worm then bores 
through the intestinal wall of this intermediate host and encapsules itself 
in the body cavity, where it remains until the intermediate host is swal- 
lowed, probably usually in drinking water, by the final host, to the intes- 
tinal wall of which it fastens itself. The class contains 4 families, 12 
genera, and over 100 species. 



Family 1. ECHINORHYNGHIDAE. 

With the characters of the 
order: several genera. 

1. EOHXVOBHTHOHTO 0. F. 

Miiller. Body smooth, although 
often wrinkled after death: nu- 
merous species. 

E. anguillae Mull. (Fig. 
366). Body orange-colored, 6 to 
29 mm. long; proboscis with 8 or 
10 rows of hooks; neck long: in 
numerous fresh- water fish; com- 
mon; Europe; larva probably in 
Gammarus and small fishes. 

E. ranae Schrank. Body 5 
to 60 mm. long; proboscis with 12 
to 20 rows of hooks: in frogs, toads, and salamanders; common; Europe; 
larva in Asellus. 




Fig. 366 — Bchlnorhynohus anguilloe 
(Stlssw. P. Deut). A, entire worm: 1. 
proboscis ; 2, lemnisci; 3, proboscis 
sheath • 4, ligament ; 5, testis ; 6, genital 
pore ; B, proboscis. 
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Family 2. GIGANTORHYNCHIDAE. 

Body large, and annulated; lemnisci long and twisted: 1 genus. 

Gioahtorhthohtts Hamann. With the characters of the family: 

1 species. 

G. himdinacens (Pallas) (G. gigas Block) (Fig. 

367). Body white, tapering posteriorly, proboscis almost 

spherical and with 6 rows of 8 hooks each; male 6 to 9 

cm. long and 4 mm. thick ; female up to 50 cm. long and 

Fig. 367 4 to 9 mm. thick: in the intestine of pigs and often a 

Oioantorhynchu9 ... ,. 

oioa* (Ward). common and dangerous parasite; the intermediate host a 

6, male. beetle grub, which pigs often eat. 

Subphylum 3. TEOCHELMINTHES. 

Minute, aquatic animals which in structure bear a close relation to 
the trochophore larva of the annelid worms and mollusks. The body is 
unsegmented and often externally annulated or ringed and is never com- 
pletely ciliated, although in most of them groups of cilia occur in certain 
regions. A spacious body cavity is present, which is not however limited 
by a. peritoneum. The Rotifera, by far the largest of the three classes, are 
characterized by the ciliated disc-like front end of the body and usually 
also the forked organ of attachment at the hinder end. The other two 
classes comprise a few species of peculiar microscopic worms which are 
often included among the Rotifera, but which lack the anterior disc and 
differ from them also in other important respects. The subphylum con- 
tains 3 classes. 

Key to the classes of Trochelminthes : 

a, External cilia present. 

b x Anterior ciliated disc present 1. Rotifera 

b 3 Ventral surface only ciliated 2. Gastrotbicha 

a, External cilia absent 3. Kinorhyncha 

Class 1. ROTIFERA* 

Rotifers or wheel animalcules (Fig. 379). Microscopic, aquatic ani- 
mals, the body of which is composed of three divisions, the head, the trunk, 
and the foot. The head bears the corona, which is a ciliated disc forming 

• See "The Rotifera or Wheel Animalcules/' by C. T. Hudson and P. H. Gosse, 
1889. "The Rotifera of Sandusky Bay," by D. S. Kelllcott, Proc. Am. Mic. Soc., Vol. 
18, p. 155, 1896. "The Rotifera of Sandusky Bay," by same. Ibid., Vol. 19, p. 43, 
1897. "Rotatoria of the United States," by H. S. Jennings, Bull. U. S. Fish. Com. 
for 1899, p. 67, 1900. "Synopsis of the Rotatoria," by same, Am. Nat, Vol. 35, p. 
725. "Die Sdsswasserfauna Deutschlands," Heft 14, 1912. "Index of the Rota- 
toria," by H. K. Harring, Bull. 81, U. S. Nat Mus., 1913. 
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the front end of the body and in the middle of which is tne mouth, and 
the special sense organs. The cilia are evenly distributed over the corona 
in the most primitive rotifers; in others the corona is variously lobed and 
the cilia are in groups and usually confined to the margin and the area 
just within the margin. These marginal cilia in numerous common rotifers 
whirl in opposite directions on the two sides of the corona and resemble 
revolving wheels, giving the group its name. The special sense organs, 
when present, consist of one to three eyes and one to four tentacles. The 
trunk is in many rotifers encased in a shell called the lorica which is the 
thickened cuticula; it is often provided with spines and other projections. 
The foot forms the hinder portion of the body : it is usually retractile and 
in most rotifers ends with one, two, or several toes. Glands are present 
in it which secrete an adhesive substance by means of which the animal 
can attach itself temporarily. 

The mouth opens into a large muscular pharynx called the mastaz 
in which are paired jaws or trophi, the working of which is a noticeable 
feature in rotifers. In some rotifers (Stephanops) the pharynx is thrust 
out of the mouth and used as a proboscis to take in food. A narrow 
oesophagus joins the pharynx with the large stomach, which has a pair of 
large gastric glands and is joined with the dorsal anus by the short intes- 
tine. In some forms the intestine ends blindly, there being no anus. The 
nervous system consists of a brain dorsal to the pharynx and nerves ex- 
tending from it; a subcesophageal ganglion is present in some forms. A 
pair of kidney tubules which contain flame cells open into a contractile 
bladder, the vacuole, which communicates with the hinder end of the intes- 
tine. The sexes are distinct. The males are small and without digestive 
organs and usually much less numerous than the females ; in many species 
they have not been found at all. The female has usually a single small 
ovary and a large yolk gland which are joined with the cloaca by an ovi- 
duct, the lower end of which acts as a uterus and retains the young, in a 
large number of species, during development, so that they are born alive. 
The females reproduce parthenogenetically : at certain times, however, 
males are born and the fertilized eggs then produced are called "winter" 
or resting eggs and can resist cold and drought. Budding and fission do 
not occur. 

Habits and Distribution.— The majority of rotifers are solitary, free- 
living animals, although a few species are sessile, living in tubes com- 
posed of their own secretions or of foreign matters, and a few are colonial 
They are typically fresh-water animals and are everywhere abundant, but 
a few species are marine. They are also usually rather rigidly confined 
to certain environments, some living among plants and some being pelagic. 
Host of the common species are cosmopolitan in their distribution. Some 
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rotifers and their eggs can withstand desiccation many years when taken 
from the water and are often blown great distances by the wind or curried 
on the feet of birds. The food of most forms consists of minute plants 
and animals, but a few species are parasitic. 

History.— Rotifers have been known since the time of Leeuwenhoek, 
who discovered them in 1703. O. F. Muller in 1786 gave those known at 
his time binominal names, classifying them with the Infusoria. Ehren- 
berg, in his epoch-making work on Infusoria published in 1838, described 
great numbers of rotifers and laid the foundation of the present classifi- 
cation. Wiegmann in 1832 had, however, already removed them from the 
Infusoria and placed them among the worms. The monograph of Hudson 
and Gosse contains the modern classification of the group. 

About 850 species of Rotifera are known, of which about 250 occur 
in this country. They are grouped in 3 orders. 

Key to the orders of Rotifera: 

a t Sessile or colonial and usually tubicolous (except Troohosphara) . 

1. Rhizota 

a, Free-swimming ; not tubicolous and non-colonial rotifers. 

6i Rotifers which creep like a leech, but can also swim 2. Bdeixoida 

6, Rotifers which do not creep but swim 3. Ploima 

Order 1. RHIZOTA. 

Usually sessile rotifers living in tubes composed of a transparent 
secretion or of fecal or other substances; some forms are colonial and a 
few are free-swimming: 3 families. 

Key to the families of Rhizota here described: 

Ox Corona with prominent non-vibratile cilia usually on lobes ; vibratile cilia 

very small 1. Flosculariidae 

a, Corona without non-vibratile cilia ; colonial or not 2. Melicertidar 

Family 1. FLOSCULARIIDAE.* 

Solitary, sessile, or free-swimming rotifers living in a transparent 
tube; corona lobed in most cases and bearing groups of long, often non- 
vibratile cilia; vibratile cilia few, about the mouth: 3 genera. 

Key to the genera of Flosculariidae here described: 

a, Lobes of corona knobbed or blunt, or absent 1. Floscularia' 

o, Lobes long and pointed 2. Stephanoceros 

1. Floscularia t Oken. Body in a transparent tube; corona with 
3 to 5 lobes, or not lobed, and bearing long non-vibratile cilia ; the young 
of all and the adults of certain species free-swimming: about 30 species. 

* See "On the Morphology of the Rotatorian Family FToscularildae," by T. H. 
Montgomery, Jr., Proc. Acad. Nat. Sci., Pblla., 1903, p. 363. 

t See "On Floscularia Conklinl Nov. Spec, with a Key for the Identification of 
the Known Species of the Genus," by T. H. Montgomery, Jr., Biol. Bull., Vol. 5, 
p. 233, 1903. 
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P. ornate Ehrenberg. Lobes 5, each with a round knob which bears 
the cilia; foot about twice as long as the body; no eyes; length .5 
mm.: common and sessile; among water plants. 

F. campannlata Dobie (Fig. 368). 
Lobes 5, distinct and not knobbed ; cilia 
non-vibratile on entire margin of the 
bell-shaped corona; sessile; length .6 
mm.: often common. 

F. pelagica Rousselet. Corona cir- 
cular, but slightly lobed with short, 
non-vibratile cilia; free-swimming. 

2. Stbpeavooesob Ehrenberg. 
Lobes 5, very long, slender, and point- 
ed, the cilia on them being non-vibra- 





F1*.S68 

c*m%onui*ta tile and in rows or whorls ; tube trans- 
(Montgomery). pa,^. foot very long . X 8p ecies. 



Fig. 369 
Stephanoceros 

fimbria tu8 
(Montgomery). 



8. fimbriatns (Goldfuss) (S. eichhornii Ehr.) (Fig. 369). Length 
1.5 mm.: on aquatic plants; not common. 

Family 2. MELICERTIDAE. 

Colonial or not; usually tubicolous; corona 2 or 4-lobed with a 
continuous row of large marginal cilia; 1 to 3 antennae, 1 dorsal and 2 
ventral: 10 genera. 

Key to the genera of Melicertidae here described : 

a, Non-colonial rotifers. 
&i CoroDa distinctly 2 or 4-lobed. 

Cx Corona 4-lobed 1. Melicerta 

c, Corona 2-lobed 2. Limnias 

6, Corona oval or nearly circular and indistinctly 2-lobed. 

«, Colonial rotifers. 3 - <Ecl8TE8 

ft» Colonies sessile, tubicolous or not 

Cj Not tubicolous 4. Mbgalotbocha 

c, Animals in transparent tubes 5. Lacinularia 

6, Colonies free-swimming, animals tubicolous. 6. Conochilus 

1-. Helxoebta Schrank. Corona large, with 4 large 
lobes; 3 antennae, 1 minute dorsal and 2 larger ventral 
ones: 4 species. 

M. ringens Schrank (Fig. 370). Tube formed of 
spherical pellets; length .8 mm.: common on water plants. 

M. melicerta (Ehrenberg). Tube gelatinous; length 1 mm.; ventral 
antennae very long: on water plants. 

2. Lochias Schrank. Corona broad, with 2 lobes; tube membra- 
nous, often roughened by dirt and sometimes annulated; antennae as in 
Melicerta: 3 species. 



Melicerta 

ring en a 

(from Stissw. 

P. Deut). 
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1 mm. 




Pig. 371 

Limnia8 

ceratophylli 

(from Sttssw 

P. Deut). 




L. ceratophylli Schrank (Fig. 371). Tube not annulated; length 
ventral antennae short: on water plants; abundant. 

L. annulatus Bailey. Tube annulated; body with 5 
horn-like dorsal processes ; length 1 mm. 

3. (Eoistes Ehrenberg. Corona a wide oval; lobes 
indistinct; tube irregular or absent; dorsal antenna minute 
or absent : 10 species. 

O. crystallinus Ehr. Tube variable, transparent, often 
covered with dirt; ventral antennae small, wide apart; 
length J> mm. 

0. melicerta (Ehr.). Two long dorsal projections just 
below the corona, sometimes antler-like; tube formed of 
pellets and very short, or wanting: common. 
4. Megalotrocha Ehrenberg. Colonial and sessile, 
each colony appearing to the eye as a grayish ball; not 
tubicolous; corona broad, reniform; antennae inconspicu- 
ous: 2 species. 

M. alhoflavicans* Ehr. (Fig. 372). Four opaque warts 
in a row just beneath the corona; length 2 mm., of colony 
5 mm. > 

6. Laoinuxaeia Schweigger. Colonial and similar to 
Megalotrocha but each individual is in a transparent tube : 
1 species. 

L. socialis (Pallas). Length 2 mm. 
mm.: on water plants; less common than above. 

6. OOKOOHILUS Ehrenberg. Free-swimming pelagic 
colonies, each individual in a transparent tube: 3 
species. 

0. volvoz Ehr. Colony spherical, consisting of 10 
to 40' individuals arranged radially; ventral antennae 
separate except at base; length .6 mm., of colony 1 
mm. : common. 

0. unicornis Rousselet (Fig. 373). Colony irreg- 
ular, containing few individuals; a single large ventral antenna situated 
on the corona: common. 

Order 2. BDELLOIDA. 

Non-tubicolous rotifers (with a few exceptions) which swim with 

the corona and creep like a leech by attaching alternately the front and 

hind ends of the body; body cylindrical, with a cuticula composed of 

rings which can be telescoped; foot usually ending with 3 toes and with 

• See "The Formation of New Colonies of the Rotifer Megalotrocha alboflayicana 
BhrV' by P. M. Surface, Blot Bull., Vol. 11, p. 182. 




372 

Megalotrocha 

alboflavicans 

(from Stlssw. 

P. Deut.). 



of colony 3 



Pig. 373 

Conochilua 

unicornis 

(from Sttssw. 

Dent). 
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2 or 4 spurs a little way up; a dorsal proboscis behind the corona; 
ovaries 2: 2 families. 

Family PHILODINIDAE. 

Corona composed of 2 circular and separated retractile lobes, making 
2 distinct wheels; proboscis and tentacle present: 4 genera. 

Key to the genera of Philodinidae here described : 

Oi Two eyes present 

b x Eyes on the proboscis 1. Rotifer 

6, Eyes on neck, directly over the brain and the jaws 2. Philodina 

a, Eyes absent 3. Calxjdiha 

1. Botztex Schrank. Body long and slender and 
very retractile: among plants and dirt: 9 species. 

R. vulgaris Schrank (Fig. 374). Body whitish and 
opaque, gradually tapering to the foot, which makes 
up half the animal ; spurs not twice as long as width of 
body ; length .5 mm. : common ; also in salt water. 

B. tardigradus Ehrenberg. Body dark brown in 
color, long and slender; spurs 3 times as long as the 
width of body where attached ; length .8 mm. : common. 

2. Philodina Ehrenberg. Body rather thick, fusi- 
form; 2 red eyes behind the pro-, 
boscis; often in infusions: 6 species. 

P. aculeate Ehr. Dorsal surface of body beset with 
strong spines; length .5 mm.: common. 

P. roseola Ehr. (Fig. 375). Body rather slender 
and often rose-colored; foot not distinctly set off; 
length .5 mm.: common. 

3. Oaludina Ehrenberg. Body elongate, without 
eyes, the jaws often with fine transverse ridges : many 
species. 

0. elegans Ehr. Each jaw with 10 ridges, cuticula 
smooth; length .35 mm.: common in infusion. 





Pig. 374 

Rotifer vulgaris 

(SUssw. F. Deut.). 

A, the animal. 

B, bead end. 

1, proboscis 

2, eyes 
3, tentacle. 



Fig. 375 
Philodina roseola 

(from 
Stow. F.Dent.). 



Order 3. PLOIMA. 

Non-tubicolous rotifers, which swim and do not creep like a leech, 

but may creep with the toes or may leap ; some are parasitic : 2 suborders. 

Key to the suborders of Ploitna: 

o» Without shell (lorica) 1. Illoricata 

a, With lorica \ : ^2. Lobioata 

Suborder 1. ILLORICATA. 

Ploimate rotifers with a flexible cuticula and no shell (lorica) : 6 
families. 
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Key to the families of Illoricata here described: 
Ox No foot present ; animals transparent, short and more or less spherical. 
&x Animals spherical with a ring of cilia near equator. . . .1. Tbochobph^crtdah 
6, Body sac-shaped. 

c x No long lateral appendages 2. Asplanchnidajc 

Ps Long lateral appendages present with which the animal jumps. 

3. Tbiabthbidak 
a, Foot with 2 toes present. 

bx Corona with 3 to 7 large prominences with setae 4. Hydattnidajc 

b t Corona without these ; body elongate, often with a pair of ciliated pro- 
jections (auricles) 5. Notommattdajc 

Family 1. TBOCHOSPH^ERIDAE. 

Spherical rotifers without corona or foot and with an encircling 
band of cilia near the equator or towards the forward pole; mouth 
ventral and anus at the hinder pole ; the viscera are in the hinder hemi- 
sphere: 1 genus. 

Tboohosphjeba Semper. With the characters of the family : about 
3 species. 

T. solstitialis Thrope (Fig. 376). Band of cilia between equator 
and forward pole ; diameter 2 mm. : in the Illinois River and at Put-in-Bay, 
Lake Erie; Asia. 

Family 2. ASPLANCHN ID AE. 

Large transparent sac-shaped rotifers, without anus and usually 
pelagic: 3 genera. 

1. Abplanohna Gosse. Foot absent; jaws large; animals vivipa- 






Fig. 377 Fig. 378 

Fig. 376 — Trobhosph&ra solstitialis (Del age et Herouard). 1, brain; 2, month; 
3, kidney tubule ; 4, anus : 5, intestine ; 6, ovary ; 7, dorsal nerve. Fig. 377 — 
Asplanchna herricki (from Sttssw. F. Deut). Fig. 378 — Polyarthra platyptera (from 
SUssw. F. Deut.). 

rous, the embryo being frequently seen in the mother; 1 or 3 eyes present; 
corona with two slight elevations: about 7 species. 

A. priodonta Gosse. Body without humps and barrel-shaped; eyes 
3; length .5 mm.: often very common; pelagic. 

A. herricki* De Guerne (Fig. 377). Body amphora-shaped and 
without humps; eyes 3: pelagic. 

• See "Early Development of Asplanchna herrickil," by H. 8. Jennings, Bull. 
Mus. Comp. Zool., Vol. 30, 1806. 
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2. Asplahohhopus De Guerne. Foot present; animals viviparous: 
2 species. 

A. mnlticeps Schrank. Foot small; length 1 mm.: pelagic. 

Family 3. TRIARTHRIDAE. 

Foot absent; long paired appendages at the side by means of which 
the animal skips or swims and which may give it the appearance of a 
crustacean: several genera. 

Poltabth&a Ehrenberg. Body rectangular with 12 long blade- 
shaped appendages with serrate edges arranged in 
4 groups: 1 species. 

P. platyptera Ehr. (Fig. 378). One eye pres- 
ent; length .15 mm.: very common both at surface IV /^&y|T~ 
and bottom. 



Family 4. HYDATINIDAE. 

Body cylindrical or sac-shaped with a short 
foot which has 2 small toes ; corona with a number 
of elevations bearing setae: 5 genera. 

1. Hydatina Ehrenberg. With- 
out eyes, but with a tentacle: 8 
species. 

H. senta* Ehr. (Fig. 379). 
Body large, .5 mm. long, trans- 
parent: often common. 

2. Notops Hudson. Single eye 
present; corona large with a ring 
of cilia and bearing several large 
prominences crowned with setae: 
several species. 

N. brachionus (Ehrenberg) 
(Fig. 380). Body large, quadran- 
gular and transparent; foot half as long as body 
length .5 mm. : often common. 

Family 5. NOTOMMATIDAE. 





ybtops 

brachionus 

(from 80mw. 

F.Deat). 



Hydatina sen to 

(Sussw. F.Deut). 

1, corona ; 2, mouth ; 

3. raastax; 4, gastric 

gland ; 5. stomach ; 6, 

ovary ; 7, yolk gland ; 

8, lateral sense organ ; 

9, intestine; 10, kid- 
ney tubule; 11, vacu- 
ole; 12, anus; 13, 
adhesion glands; 14, 
toes. 

and little retractile; 



Body soft and elongate; corona oblique in position, without lobes, 
and covered with cilia and often with a pair of lateral ciliated projec- 
tions called auricles: 15 genera. 

• 8ee "8tudies In the Life Cycle of Hydatina senta," by A. F. Shull, Jour. Ex. 
EooL, Vols. 8, 10, and 12, 1910-1912.. "The Influence of Food in Controlling .Sex in 
Hydatina senta," by D. D. Whitney, same, Vol. 17, 1914. 
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Key to the genera of Notommatidae here described: 
Ox Auricles present 
6* Body not conspicuously annotated. 

Cj Very large rotifers with 3 or 5-lobed brain 1. Copeus 

Ps Not large and brain not lobed 2. Notomicata 

6, Body conspicuously annulated 3. Taphbocampa 

a, Auricles absent 

6 X Toes minute 4. Pboales 

b M Toes conspicuous 5. Fubcularia 

1. OoPETTS Gosse. Large rotifers, slow-moving, usually enlarged 
behind the middle; brain 3-lobed; body projects backward from the foot, 
forming a tail; auricles present: 7 species; vegetable feeders. 

0. pachynras Gosse (Fig. 381). Tail rounded and thick; auricles 
large; brain 3-lobed; foot 2-jointed; length .33 mm. 






Fig. 381 



Fig. 882 



Fig. 383 



Fig. 381 — Copeus pachyurus (from Siissw. F. Deut). Fig. 382 — Notommata trtpus 
(Sttssw. F. Deut). Fig. 383 — Taphrooampa annulosa (Sttssw. F. Deut). 

2. Notommata Ehrenberg. Small rotifers with an elongate body 
and auricles; tail usually present; foot and toes usually small: many 
species; among water plants. 

N. tripus Ehr. (Fig. 382). Tail as long as the toes, the animal 
appearing to end behind in 3 toes; length .1 mm. 

N. truncata Jennings. Body red in color, long and truncate at each 
end; cilia extending on to ventral surface; foot very small. 

3. Tafkbooampa Gosse. Body small and with numerous perma- 
nent annulations; small tail just above the foot: 4 species. 

T. anmtfoaa Gosse (Fig. 383). Minute rotifer with a cyl- 
indrical body and with a pair of small auricles; length .1 mm. 

4. Peoales Gosse. No auricles or tail present; toes 
inconspicuous; body small and cylindrical: 8 species. 

P. sordida Gosse. Body thick; head broad, with an eye; 
foot very broad ; toes conical ; length .22 mm. 

5. Ptoottlabxa Ehrenberg. Auricles absent; body cyl- 
indrical or bulging in the middle; toes conspicuous; eye red 
at apex of head: 12 species. 

7. forflcala Ehr. (Pig. 384). Body cylindrical, With straight sides 
and .35 mm. long: abundant. 



Fig. 384 
Fwrcularia 

forflcula 
(Sttssw. F. 

Deut). 
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Suborder 2. LORICATA. 

Lorica present, usually much flattened: 12 families. 

Key to the families of Loricata here described: 

ch Foot absent 1. Anurjcidae 

o, Foot present 
6 t Foot transversely wrinkled or ringed (not jointed). 

Ox Foot ending in a ciliated cup, without toes 2. Pterodintdak 

c, Foot ending in 2 toes 3. Brachionidae 

A, Foot not wrinkled or ringed, often jointed, with 1 or 2 toes. 
c, Toes not long and spine-like. 

dx Foot jointed ; lorica without dorsal spines 3. Brachionidae 

dt Head with a chitinous covering like the visor of a cap ; foot and toes 

often very long ; 1 eye 4. Dinocharidae 

c, Foot usually very short and ending in 1 or 2 slender and usually long 
toes ; lorica usually flattened and ovate. 
dx No arched shield over head. 

ex Toes very slender and bristle-like, often very long 5. Rattulidae 

e, Toes 1 or 2 in number, slender and rod-shaped 6. Cathy pis id AE 

e, Toes 2 in number, long and diverging 7. Euchxanidae 

d, An arched shield over head 8. Coluridae 

Family 1. ANUBiEIDAE. 

Foot absent; lorica usually with 6 long spine-like projections at its 
anterior margin and 1 or 2 at its posterior : 3 genera. 

Avtt&jba Ehrenberg. Lorica thick walled and opaque, 
marked with polygonal areas on its dorsal surface ; empty 
loricas frequently found: 7 species. 

A. cochlearia Gosse. Lorica prolonged posteriorly into 
a long spine, which, however, may be wanting; length 
.16 mm. 

A. aculeata Ehr. (Fig. 385). Lorica quadrangular 55?ir<Sa 
with a spine at each of the postero-lateral angles; .15 mm. (smmw.'f. 
long. Deut) - 

Family 2. PTEBODINIDAB. 

Foot cylindrical and transversely wrinkled or annulated; body very 
retractile : 2 genera. , 

PtzbODIVA Ehrenberg. Lorica flattened; a pair of lateral semi- 
circles of cilia on the corona; 2 eyes; foot ending in a ciliated cup: 3 
species. 

P. patina Ehr. (Fig. 386). Lorica very transparent, flat and cir- 
cular and .17 mm. long, without teeth : common among algae. 

Family 3. BRACHIONTDAE. 
Foot long, cylindrical, and usually not jointed, but annulated or 
wrinkled, with 2 toes; lorica squarish and flattened and usually with 
spine-like projections from its anterior margin: 3 genera. 
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1. Bbaohionto Pallas. Lorica arched dorsally, flattened ventrally; 
1 red eye: numerous species, some marine. 

B. rnbena Ehrenberg (Fig. 387). Six straight spines on anterior 
margin; no posterior spines; color pinkish: often common. 

B. bakeri 0. F. Miiller. Six spines on anterior margin, the 2 
middle ones curving outward; 2 lateral spines on posterior margin may 
be long, short, or absent ; length .25 mm. : often very common. 






Fig. 386 



Fig. 387 



Fig. 388 



Fig. 386 — Pterodina patina (SUssw. F. Dent). Fig. 387 — Brachionus rubens (Sttuw. 
F. Deut.). Fig. 388 — Notcua quadricornis (SUsbw. F. Deut). 

B. militaris Ehr. Foot jointed; lorica with 10 anterior and 4 pos- 
terior spines, its surface facetted and covered with raised points; 
length .25 mm. 

2. Notexts Ehrenberg. Foot jointed; lorica oval and with 2 ante- 
rior and 2 posterior spines ; no eye : 1 species. 

N. quadricornis Ehr. (Fig. 388). Dorsal surface facetted, whole 
surface roughened; length .35 mm. 



Family 4. DINOCHARIDAE. 

Lorica more or less cylindrical and usually with an 
anterior dorsal projection over the head; foot very long 
with 2 long toes: 4 genera. 

1. Soabidium Ehrenberg. Lorica vase-shaped, smooth, 
and transparent, without the dorsal projection; 1 eye; 
foot and toes very long: several species. 

S. longicaudum (0. F. Miiller) (Fig. 389). Body 
cylindrical; toes and foot longer than the rest of the 
body; .4 mm. long. 

2. Stephanops Ehrenberg. Head covered with a large 
semicircular shield; foot and toes not usually long; 1 to 3 
long movable spines project from the back : several speeies. 

S. longispinatus Tatem. One long spine from the middle of back; 
length 15 mm. 



Fig. 389 

Bcaridium 

longicaudum 

(SUssw. F. 

Deut). 
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Family 5. RATTULIDAE.* 

The very short foot ends in one or more slender, often very long, 
bristle-like toes; lorica more or less cylindrical; 1 eye: 2 genera and 
35 species. 

1. Rattulto Lamarck. One long toe, often as long as 
the rest of the body; a short toe also usually present which 
is not a third the length of the long toe: 20 species. 

E. longiseta (Schrank) (R. bicornis Ehrenberg) (Fig. 
390). Two spines of unequal length at the anterior margin 
of the lorica; toe two-thirds the length of the body; length 
.5 mm.: common. m 

B. mucosus Stokes. Lorica with 2 parallel ridges close 5j5jjJJa 
together for half its length ; body ovoid : length .2 mm. : often ( E^r} F * 
common. 

2. Dithlella Bory de St. Vincent. Two toes present of equal 
length or one more than a third the length of the other: 
14 species. 

D. tigris (0. F. Miiller) (Fig. 391). Toes equal and 
long; body cylindrical, .2 mm. long with a tooth on 
anterior margin of the lorica: very common in aquatic 
vegetation in quiet water. 

D. porcellus (Gosse). Toes slightly unequal, folded 
under the body, which is short, curved, and .15 mm. long; 
(Jennings). lorica with 2 marginal teeth: very common. 

Family 6. CATHYPNIDAE. 

Body broad; dorsal plate convex, ventral plate flat, the 2 plates sep- 
arated by a deep groove on each side; foot very short with 1 or 2 rod- 
shaped toes; 1 eye: 3 genera. 

1. Cathtpva Gosse. Lorica oval or nearly 
circular; 2 toes: 3 species. 

0. ungulata Gosse. Body large, being .3 mm. 
long, including toes; dorsal plate projecting over the m g 2 

foot; toes half as long as lorica: often very common. ,£ } .? fthvt> 3: a JL un ?* 

1 ° J (SUssw. F. Deut.). 

0. luna (0. F. Miiller) (Fig. 392). Toes two- 
fifths as long as lorica; each with a distinct shoulder at side near the 
tip; length 2 mm.: often common. 

2. Movobttla Ehrenberg. Body oval or nearly circular, with 1 
rod-like toe: 10 species. 

* See "The Rotatoria of the United States, II ; a Monograph of the Rattulidae," 
by H. 6. Jennings, BqlJ. U, 8, Fish, Com., Vol. 22, p. 273, 1903, 





Digitized by 



Google 



242 



TR0CHELM1NTHE8 



M. bulla Gosse (Fig. 393). Dorsal plate very high; ventral plate 
somewhat convex; anterior margin with a notch; .25 mm. long: very 
common among aquatic plants. 

Family 7. EUCHLANIDAE. 

Large transparent rotifers with a convex dorsal and 
a flat or slightly convex ventral plate ; foot jointed, with 
2 large, diverging, blade-shaped toes: 2 genera. 

Euohlanib Ehrenberg. Lorica oval and flat; eye 
present: 7 species. 

£. dilatata Ehr. (Fig. 394). Lorica with a pair 
of lateral flanges projecting from its ventral plate; 
anterior dorsal margin with a broad gap having a 
straight bottom; length 3 mm.: often very common in 
aquatic vegetation. 

Family 8. COLUR1DAE. 




Uonosiyla bulla 
(Jennings). 



Head surmounted by an arched shield, appearing in a side view like 
a hook: 5 genera. 

1. Metopidia Ehrenberg. Lorica flattened, usually turtle-like in 
appearance; usually 2 eyes: 11 species. 

M. lepadella Ehr. (Fig. 395). Lorica oval, without teeth or spines 






Fig. 394 



Fig. 395 



Fig. 396 



Fig. 



394—Euchlanis dilatata (Sflssw. F. Deut.). Fig. 395— Metopidia lepadella 
(SUs8w. F. Deut.). Fig. 396 — Monura colurus (Hudson and Gosse). 



or prominent angles; 2 eyes; ventral plate indented behind; length .08 
mm. : often abundant among aquatic plants. 

M. acuminata Ehr. Lorica oval, ending behind in a sharp point; 
length .08 mm.: often common among aquatic plants. 

2. Monttra Ehrenberg. Lorica arched, more or less compressed lat- 
erally, often open mid-ventrally. 

M. colurus Ehr. (Fig. 396). Length .1 mm.: often common among 
algae in the sea. 
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Class 2. GASTROTEIGHA.* 

Minute worms less than .5 mm. long with an elongated body, usually 
forked behind, with a ciliated ventral surface and a dorsal surface either 
bare or covered with bristles or scales arranged in longitudinal rows; 
head end contains the mouth and usually bears a pair of eyes and 
paired sensory bristles ; digestive tract a straight tube with a long mus- 
cular oesophagus, extending to the anus, which is in the dorsal surface at 
the hinder end of the body ; a pair of long kidney tubules opens into the 
intestine; a very large brain is present, dorsal to the OBsophagus, from 
which nerves radiate; animals hermaphroditic, paired ovaries and testes 
being present in the hinder part of the body cavity; no genital ducts are 
present and it is not known how the very large eggs reach the outside; 
development direct: fresh-water animals found among infusorians and 
rotifers; about 32 species, of which 12 have been found in this country. 

Family CttffiTONOTIDAE. 
With the characters given above: several genera. 
Key to the genera of Chcetonotidae here described : 
o, Posterior end forked. 
bx Back covered with spines or scales. 

Cx Caudal forks short 1. Ch^etonotus 

c, Caudal forks very long and segmented 2. Lkpidodebma 

o, Back not covered with spines or scales 3. Ichthydium 

a, Posterior end not forked. 4. Dasydytes 

1. Ckjetohotto Ehrenberg.f Gastrotricha with a short, unsegmented 

forked tail and with dorsal spines or scales; 

head formed qf 3 lobes, usually with 2 pairs _ __ 

of tufts of sensory bristles and in some species B 

.., x i .J Fi£- 397 — Ohatonotus 

with a pair of eyes; ventral side larua ( stokes), a, dorsal 

flat: 23 species. aspect ; B, head. 

J9{ C. lams (0. F. Miiiler) (Fig. 397). Back covered with 

short conical spines, the posterior ones being usually the 

larger; length .12 mm.: common. 

C. longispinosus Stokes (Fig. 398). Back with 2 

Fig. 398 transverse rows of long spines: often common. 

longispinosus 2. Lefidodebka Zeller. Back covered with scales: 

(Stokes) . 

tail forks long and segmented: several species. 

L. rhomboides (Stokes) (Fig. 399). Forks of tail one-fourth the 

length of the body and composed of 20 segments; a deep, transverse 

depression back of the mouth ; length .3 mm. 

• 8ee "Beitrage aur Systematic der Gastrotrichen," by T. Grilnspan, ZooL Jabrb, 
Syst, Vol. 26, 1908. "Die Sttsswasserfauna Deutscblands," Heft 14, 1912. 
t 8ee "Aquatic Microscopy," etc., by A. C. Stokes, p. 185, 1896. 
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Like Ch<etonotu8 except that the back 



3. Iohthydium Ehrenberg. 
is bare: several species. 

L podura (0. F. Muller) (Fig. 400). A pair of vertical spines on 
the neck, and another pair near the hinder end ; length .07 mm. : common. 






Fig. 309 



Pig. 400 



Pig. 401 



Fig. 399 — Lepidoderma rhomboides (Stissw. F. Dent). A, head; B. tail; C, dorsal 

scales. Fig. 400 — Iohthydium podura (SOssw. F. Dent). 

Fig. 401— Dasydytes saltitans (Stokes). 

4. Dasydytes Gosse. Body wide, with a distinct neck and head and 
no forked tail: several species. 

D. saltitans Stokes (Fig. 401). Head with long cilia on both sides; 
neck very flexible; 2 sets of long bristles cross each other on the back; 
length .08 mm.: not common. 




Fig. 402 
Echinoderes 

dufardini 
(from Claus). 



Class 3. KINORHYNGHA* 

Minute marine worms less than .5 mm. in length; 
body arched dorsally and concave ventrally, and composed 
of a series of rings; body cavity not segmented; outer sur- 
face not ciliated but provided with spines and bristles ; head 
and neck retractile, with a ring of hooks around the 
mouth and a number of long locomotory spines; hinder 
end usually forked; paired genital pores and paired 
excretory pores near hinder end; sexes separate: about 30 
species. 

Family ECHINODEBIDAE. 



With the characters given above: 2 genera. 

EohihodebE8 Dujardin. Eyes present: several species in the 
Mediterranean and Atlantic. 

£. dnjardini Claparede (Fig. 402). Body composed of 13 rings; 2 
red eyes; color reddish: in mud and on algae. 



1908. 



* See "Zur Kenntniss der Bchinoderen," by C. Zellnka, Zool. Am., Vol. 32, p. ISO, 
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Sotphylum 4. BRYOZOA.* (Polyzoa.) 

Minute and mostly colonial animals which are attached to rocks, 
plants, and other objects in the sea or fresh water. The colony is usu- 
ally made up of hundreds or thousands of individuals which have arisen 
from one another by a process of budding, and is often mosslike in 
appearance, whence the name of the group. The Loxosomidae are the only 
non-colonial family. The individual members of a colony are called the 
JEooids : they are more or less cylindrical in form and are af ten polymorphic 
in structure. The outer wall of the zooid is in most cases a thick cuticula 
secreted by a hypodermal cell layer: it is often hardened by the presence 
of calcium carbonate and forms a rigid case within which lie the soft parts 
of the animal. This case, which is called the ectocyst or zooecium (Fig. 
406,8), will often remain long after the death of the animal and the dis- 
appearance of the soft part. In Pectinatella and some other forms the 
body wall is fleshy or jelly-like. 

The soft parts of a zooid consist of the viscera and the tentacle- 
sheath with the tentacles which constitute the anterior end of the body. 
The tentacles are hollow and ciliated and are borne upon a prominent oval 
or horseshoe-shaped ridge called the lophophore (Fig. 406,1). 

The body wall below the tentacles is highly flexible and in the 
Ectoprocta these can be completely retracted within the zocecium. In the 
center of the lophophore is the mouth and in the Entoprocta the anus 
also: in the Ectoprocta the anus is situated just outside of it The ten- 
tacles are the only portion of the external surface of the Bryozoa that 
is ciliated. 

The internal organs differ very much in the two great groups of the 
Bryozoa and will be described when these are presented. 

Distribution and Habits.— The majority of Bryozoa are marine, being 
found from tide water to very great depths. Between tide lines and in 
shallow water incrusting and creeping colonies which are attached to rocks, 
shells, or seaweed are common, while in deeper water erect and branching 
colonies are the more abundant. No Bryozoa are parasitic, although many 
species live commensally with other animals or with plants. The group is a 
very ancient one, occurring in the Cambrian and all subsequent formations. 

* See "Report upon the Invertebrate Animals of Vineyard Sound/' etc., by A. B. 
Verrill, Rep. U. 8. Com. Flab., 1871-72, p. 292. "British Marine Polyzoa," by 
Thomas H locks, London, 1880. "Synopsis of North American Invertebrates, I. 
Freshwater Bryozoa," by C. B. Davenport, Am. Nat, Vol. 33, p. 593, 1899. "Sponges 
and Bryozoa of Sandusky Bay," by F. A. Landacre, The Ohio Naturalist, Vol. 1, p. 
96, 1901. "The Bryozoa. Papers from the Harriman Alaska Expedition," by Alice 
Robertson, Proc. Wash. Acad., Vol. 2, p. 315, 1900. "The Freshwater Bryozoa of 
the United States," by C. B. Davenport, Proc. U. S. Nat Mus., Vol. 27, p. 211, 1904. 
"The Bryozoa of the Woods Hole Region," by R. C. Osburn, Bull. Bur. Fish., Vol. 30, 
1912. "The Bryozoa of Tortugas," by same, Pub. No. 182, Carn. Inst, Wash., 1914. 
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History.— The Bryozoa were thought to be seaweeds by the earlier 
naturalists. Linnaeus grouped them with the corals land hydroids. Here 
they remained until 1830, when J. V. Thompson separated them from the 
polyps because they possess a digestive tube and called them Polyzoa, by 
which name they are still known by English and many American zoolo- 
gists. In 1831 Ehrenberg performed the same service and called the new 
group Bryozoa, which is the name in use among continental and many 
American zoologists. In 1841 Milne-Edwards created the phylum Mollus- 
coidea to include the Bryozoa and Tunicata, in which the first named group 
will still be found in many textbooks. The terms Ectoprocta and Ento- 
procta were introduced by H. Nitzsche in 1870. 

About 1,700 species of marine and 35 species of fresh-water Bryozoa 
are known, which are grouped in 2 classes. 

Key to the classes of Bryozoa: 

Ox Tentacles not retractile into the zooecium 1. Entopbocta 

c, Tentacles retractile 2. Ectopbocta 

Class 1. ENTOPBOCTA * 

Minute, primitive Bryozoa, in which the anus is within the circle of the 
lophophore. The body consists of a calyx or head and a contractile 
stalk, the former containing the viscera. The lophophore is circular 
and supports a single row of tentacles. The depression within the 
lophophore, which is called the vestibule, contains the mouth and the 
anus (Fig. 405) ; projecting over the former is a lip called the epistome. 
The lophophore cannot be retracted into the zocecium, but the tentacles 
can be rolled into the vestibule and partly covered by an integumental 
fold which arises at their base. 

The viscera fill almost the entire space within the body. What 
space is left and the entire inner portion of the stem are occupied by a 
gelatinous parenchyma, so that a definite body cavity is wanting. The 
digestive tube is U-shaped, an oesophagus, stomach, and intestine being 
distinguishable. The genital organs consist of a pair of gonads which 
open into the vestibule. The animals are either unisexual or hermaphro- 
ditic: in Loxosoma davenporti the gonads function as ovaries first and as 
testes later. A pair of kidney tubules with flame cells open either into 
the vestibule or the rectum. The nervous system consists of a central 
ganglion situated between the mouth and the anus and radiating nerves. 

The Entoprocta are found in both salt and fresh water. They are a 
small group comprising about 20 species, which are grouped in 3 families. 

* See "Studies in Pacific Coast Entoprocta," by A. Robertson, Proc. CaL Acad. 
Sci., Vol. 2, p. 320, 1900. 
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Key to the families of Entoprocta: 

Ot Solitary Entoprocta 1. Loxosomidae 

0, Colonial Entoprocta. 

b\ Fresh-water Entoprocta 2. Urnatkllidak 

6, Marine Entoproota 3. Pedicellinidae 

Family 1. LOXOSOMIDAE. 

Solitary Entoprocta, which, however, often 
bear young buds, with 10 to 26 tentacles, with 

>c _>' a contractile stalk at the base of which is a 

— L J^\ X foot gland which is of use in attaching the 
animal and may be wanting in the adult 
r animal, and with an obliquely placed lopho- 

y r i x £S^ phore: 3 genera. 

Loxoboka Keferstein. With the char- 
acters of the family: 15 species, which are 
usually associated with marine annelids. 

L. davenport!* Nickerson ( Fig. 403 ) . Length 
up to 2.4 mm.; small foot gland present; tenta- 
P^ ^3 cles numbering from 22 to 26 ; from 

LoW °(Sici^^ 0rti 2 to 12 buds muSL]1 y present; anus 

1, lophopbore^2, rectum; elevated on a cone; mammary AgW 

organ present in the floor of the TK/ 
vestibule to which developing embryos attach themselves to 
get nourishment: abundant in Vineyard Sound. 

L. minuta Osburn. Body oval, .3 mm 
long: on Phascolosoma and Phascolion on ^w^^ fl^\] 

New England coast. 

Family 2. UBNATELLIDAE. 

Colonial, fresh-water Entoprocta, each 
colony consisting of a few zooids, which 
rise from a common disc; stalks long and 
jointed and branching : 1 genus. ^\^ Flg - 404 

Uehatella Leidy. With the char- (fy ^5S tad/vw^' 
acters of the family: 1 species. ^ (Davenport). 

U. gradlisf Leidy (Fig. 404). Stalk up to 4 mm. long; calyx about 
a tenth as long and bell-shaped; usually 2 zooids in a colony: on the 
under side of stones in running water, in the eastern and central states. 

• See "Loxosoma davenporti," by W. 8. Nickerson, Jour. Morph., Vol. 17, 
p. 351, 1901. 

f See "On Urnatella gradUs," by C. B. Davenport, Bull. Mas. Comp. Zool., VoL 
24*1893. 
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Family 3. PEDICELLINIDAE. 

Colonial marine Entoprocta in which the zooids rise from a creeping, 
branching stolon; the stalk is long and separated from 
the calyx by a diaphragm: 2 genera. 

Pedioeluna Sars. With the characters of the fam- 
ily : 6 species, 3 in Long Island Sound. 

P. cernua (Pallas) (P. nutans Dalyell; P. americana 
Leidy) (Fig. 405). Calyx cup-shaped with 12 to 24 
tentacles; stalk yellowish-red in color, with or without 
spines on stalk and calyx and tapering towards the top: 
on shells and algae in shallow water; Atlantic coast, from 
Labrador to Florida; Europe; often common. 




Fig. 405 

Pedicellina 

cernua 

(altered from 

Osburn). 

1, mouth 

2, anus 

3, stomach. 



Class 2. ECTOPROCTA. 

Bryozoa living in large colonies, in which the anus is outside the 
lophophore and this structure with the tentacles can be retracted into 
the zocecium (Fig. 406). The body cav- 
ity is an extensive space which is lined 
throughout by a peritoneum consisting 
either of a single layer of cells or thin 
layers of an irregular cellular parenchy- 
ma. In certain species the body cavities 
of the zooids communicate with one an- 
other. The digestive tract is a wide 
ciliated U-shaped tube, the aboral por- 
tion of which is the sac-shaped stomach. 
Joining the aboral end of the latter or- 
gan with the base of the body cavity is 
a mesenterial strand called the funiculus. 
The animals are hermaphroditic, the 
gonads developing in the peritoneum, the 
testes usually on the funiculus and the 
ovaries on the lateral walls. The ova and 
sperm, except in the fresh-water species, 
fall into the body cavity, where fertili- 
zation takes place. The eggs develop 
in the body cavity up to the larval stage in certain species, when 
the young animals reach the outside either through a birth opening 
or as the result of the disintegration of the parent. In other forms the 
fertilized eggs pass into special outgrowths of the body wall called ooecia 
or ovicells (Fig. 414,1) and develop there. In the PhylactoUsmata the 




Fig. 406 — Diagram of an ectoproct 
(Chilostomid). 
A, a retracted animal; B, an 
extended animal (Delage et H4- 
rouard). 1, lophophore ; 2. mouth ; 
3. anus ; 4, operculum : 5, retrac- 
tile muscle; 6. funiculus; 7, di- 
gestive tract ; 8, soaedum. 
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embryo develops in the ovary, receiving nutriment directly from the 
body cavity. 

All ectoprocts develop also asexually by budding, and thus produce 
the branching and incrusting colonies which characterize the group. In 
many species polymorphic zooids appear which differ much from the 
others in structure and perform certain specialized functions. These are 
the ooBcia, which are brood chambers, above mentioned, the avicularia 
(Fig. 411, A), birdhead-like structures which seize small animals in 
their jaws, and are probably defensive in function but also function in 
keeping the surface of the colony clean, and the vibracula (Fig. 411, B), 
whip-like appendages which wave about in the water and are also defen- 
sive. In the fresh-water Phylactokemata disc-like buds called statoblasts, 
which have a hard chitinous shell, develop on the funiculus and either 
float or drop to the bottom on the death of the animal in the fall of the 
year or in periods of drought. In the spring or on the return of the wet 
season each statoblast gives rise to a young colony. 

The Ectoprocta have great powers of regeneration. Periodically in 
the marine species the soft parts of the animal, with the exception of the 
body wall, break down and form a single round mass called the brown 
body. Later new organs develop, the brown body apparently being 
expelled from the body as waste matter. 

Kidneys have not been certainly demonstrated in Ectoprocta. No 
blood vessels are present, but a blood fluid fills the body cavity. The 
nervous system consists of a ganglion between the mouth and anus and 
nerves radiating from it: in many species no nervous system has yet 
been seen. No special sense organs are found. The class contains 2 
orders and the great majority of all Bryozoa. 

Key to the orders of Ectoprocta: 

Oj Mostly marine Ectoprocta, with a circular lophophore. . . .1. Gymnouemata 
a, Fresh-water Ectoprocta with a horseshoe-shaped or oval lophophore. 

2. Phylactouehata 

Order 1. GYMNOLJEMATA. 

Lophophore circular; mouth can usually be closed by a flap called 
the operculum; vibracula, avicularia, and ooecia often present: marine 
Bryozoa (excepting the Paludicellidae) including about 1,700 species, 
which are grouped in 3 suborders. 

Key to the suborders of Gymnohemata : 
Oj Opening of zooecium wide and circular and not capable of being closed 

by an operculum 1. Cyclostomata 

a, Opening of zocBcium, when lophophore is retracted, more or less flattened 
and capable of being closed by an operculum. 

6, Operculum a movable horn-like valve 2. Chilostomata 

6, Operculum composed of a fringe of setae 3. Ctenostomata 
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Suborder 1. CYCLOSTOMATA. 

ZooBcia tubular, in most cases densely calcareous, with a wide ter- 
minal, circular opening, and without operculum, avicularia, or vibracula : 
4 families. 

Key to the families of Cyclostomata here described: 

o, Colony distinctly jointed, and erect 1. CmsnDAX 

a, Colony not distinctly jointed, and either recumbent or erect 

&! Colony usually branching and recumbent, or more or less erect (discoid 

in Dia$topora) 2. Tubulipobidab 

ft. Colony discoid. 3. Lichextofobidae 

Family 1. CBISIIDAE. 

Colony erect and branching, calcareous and with horn-like joints so 
that it is more or less flexible, with jointed and often branching root 
fibers given off from the base or from the internodes which serve to 

fasten it; zocecia in 1 or 2 rows; ten- 
tacles 8 in number; large ocecia pres- 
ent: 1 genus. 

Ceisia Lamouroux. With the 
characters of the family: about 35 
species. 

Colony white in color, forming bushy 
tufts from 8 to 25 mm. high; zocecia in 2 rows and alternate, slightly 
curved out, almost entirely adnate: cosmopolitan; common from Long 
Island Sound to Arctic Ocean; California; 
Europe; from low-water mark to 80 fathoms. 

Family 2. TXJBULIPORIDAE. 

Colony entirely creeping and incrusted or 
more or less erect, either simple or branched and 
often radiating from a central point; zocecia in 
1 or several rows, adhering to one another lat- 
erally, with the upper end more or less free: 
about 5 genera. 

Tttbulxpoba Lamarck. Colony entirely re- 
cumbent or partially erect, forming a variously 
shaped expansion, either simple or branched; 
zooids tubular, arranged in divergent series: 
about 29 species. 

T. flabellaris (Fabricius) (Fig. 408). Colony 12 mm. in diameter, of 
a pale purplish color, flabellate when young, but more or less circular and 
lobed when old; zocecia punctate, long, and slender, .15 mm. in diame- 



Flg. 407 — CrUia eburnea (Osburn). 



C. eburnea (L.) (Fig. 407). 




Fig. 408 

Tubulipora flabellaris 

(Osburn). 
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ter, crowded together and radiating from the center to the edge, and 
with the outer ends erect: Long Island Sound to Greenland, on algae, 
etc., in shallow water; Europe. 

T. fimbria Lamarck. Colony 12 mm. in size; fan-shaped and lobed; 
zooBcia slender, not raised at the outer ends, and wrinkled transversely: 
in shallow and deep water; North Atlantic; Europe. 

T. liliacea (Pallas) (T. pruinosa Stimpson). Colony about 9 mm. 
high and white, or often purple and punctate; branches in same plane: 
Atlantic coast; Europe; on shells, hydroids, etc. 

Family 3. LICHENOPOBIDAE. 

Colony discoid, flat, or more or less raised, forming either a simple 
disc or several confluent ones; zooecia partially erect, forming distinct 
rows which radiate from a large central free area and are not close 
together, the spaces between being porous : 2 genera. 

Liohehopo&a Defrance (Discoporella Gray). Colony thin and lami- 
nate, sometimes composite: about 30 species. 

L. hispida Fleming. Single disc up to 6 mm. in diameter; each indi- 
vidual with 10 short tentacles: North Atlantic, on shells, algae, etc., from 
moderate to great depths; often common; Europe. 

L. ▼errucaria (Fabricius). Disc 3 mm. in diameter; zooecium with 
a rib : North Atlantic, south to Long Island Sound ; common ; Europe. 

Suborder 2. CHILOSTOMATA/ 

Colonies either erect or recumbent; zooids tubular, oval, or rectan- 
gular, and calcareous, horn-like, or membranous, the opening usually not 
terminal and usually closed by a movable operculum (Fig. 406) ; avicu- 
laria, vibracula, and ooecia usually present: about 36 families, all being 
marine, including the majority of Bryozoa. 

Key to the families of Chilostomata here described : 

Ox Colony not incrosting or foliaceons but usually dendritic 
\ Colony composed of a creeping base and erect shoots ; no avicularia or 
vibracula. 

c, Zooids rising separately from the base 1. vEteidae 

c, Erect shoots composed of many zooids each 2. Eucbatewak 

b t Colony dendritic without a creeping base 
c, Avicularia sessile and fixed. 
di Colony slender. 

4 Branches flattened 3. Cellulartidai 

e t Branches cylindrical * 5. Cellariidae 

4 Colony foliaceous 6. Flustbidae 

c, Avicularia pedunculate and jointed 4. Bicellabudab 

* See "Non-incrosting Chilostomatous Bryozoa of the West Coast," by Alice 
Robertson, Univ. of Cal. Pub., Vol. 2, p. 235, 1905. "The Incrosting," etc., by same, 
ditto, VoL 4, p. 253, 1008. "The Chilostomatous Bryosoa," by G. M. R. Levlnson, 1900. 
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a, Colony incrusting or foliaceous and strongly calcified. 
b t Colony incrusting ; front wall more or leas membranous. 

d No ridges on front wall 7. Membraniporidae 

c M Front wall with prominent transverse or radiating ridges. 

8. Cbibkilinidae 
6, Front wall not membranous ; colony either incrusting or erect. 

Cj With a pore beneath the orifice 9. Micboporellidae 

c. With no such pore. 
d\ Zooecia not perpendicular to general plane of colony and usually 
incrusting. 
ft Opening of zooecium with an indentation in lower lip. .10. Mybiozoidae 

e, No such indentation 11. Bscharidae 

a\ Zooecia vertical and heaped irregularly together 12. Cellbfobidab 

Family 1. ^STEIDAE. 
Zooecia tubular and erect, rising separately from a creeping stolonic 
stem with a terminal opening and a lateral membranous area at the 
upper end; operculum subterminal; no avicularia 
or vibracula: 1 genus. 

JEtza Lamouroux. With the characters of 
the family: 9 species. 

A. anguina (L.) (Fig. 409). Zooecia about 1 
mm. high, white and glossy, more or less bent, 
with a spatulate upper end and a ringed stalk; 
stolon with regularly occurring thickenings, each 
of which is part of a zooecium: Long Island 
M '•.!• viTSw Sound northwards from shallow to deep water on 

hydroids and seaweed; often common; Pacific 
JEtea anguina (Osborn). coast; cosmopolitan. 

Family 2. EUCRATEIDAE. 

Colony erect and branching; the zooecia narrowest at the base and 
expanding upwards, being linked together in a single row, or in double 
rows placed back to back; openings usually oblique; 
no avicularia, vibracula, or opercular 5 genera. 

1. Eucratea Lamouroux. Colony composed of a 
creeping stolon and erect branching shoots; zooecia in 
a single row placed end to end ; opening large and oval ; 
ooecia terminal ; tentacular sheath terminating above in m 410 

a ring of setae : about 4 species. E " c 7o e £ ch f UUa 

L. chelata (L.) (Fig. 410). Colony often much 
branched, occasionally not erect; branches spring from just below the 
opening: Vineyard Sound northwards, on seaweed, stones, etc., in shal- 
low water and between tide lines; often common; Pacific coast; 
cosmopolitan. 
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2. Gexellabia Savigny. Colony erect, branching; zocecia joined 
back to back, the pairs rising from the top of one another; aperture 
large: several species. 

O. loricata (L.). Colony bushy, up to 20 cm. high, brown in color, 
composed of long, straight branches; zocecia narrowed below; aperture 
oval: in northern seas; Vineyard Sound northwards; Alaska; Europe. 



Family 3. CELLULAB1IDAE. 




Colonies erect, dichotomously branched ; zocecia in 2 or more rows in 

the same plane; avicularia and vibracula (Fig. 411), or the former alone, 

almost always present; opening not terminal, 

usually armed with spines and usually with 

an operculum: 8 genera. 

1. Mbhipea Lamouroux. Colony jointed, 

zocecia oblong, widest above, attenuated down- 
ward, usually with sessile avicularia and 

ocecia; no vibracula: about 20 species, 7 

American, mostly on the Pacific coast. 

M. ternata (Ellis and Solander). Colony 

in small tufts, 25 mm. high; zocecia in 2 rows, 

alternate and arranged in groups of 3; long 

fibers extend from the zocecia: circumpolar; 

Cape Cod northwards from shallow to deep water, on 
hydroids and shells; Europe; Pacific coast. 

2. Oabsbea Lamouroux. Colony not jointed; 
zocecia in 2 or more rows, quadrangular or ovate, with 
a very large opening; sessile avicularia and enormous 
vibracula as well as long, clasping fibers present : about 
15 species, 1 American. 
0. ellisi (Fleming) (Fig. 412). Colony with numerous branches, 25 

mm. high; zocecia in 2 to 4 rows and quadrangular; vibracula very long 

and serrate: circumpolar; Vineyard Sound northwards, from shallow to 

deep water; often common; Europe; Alaska. 



Fig. 411 

A, an avicularium 

B, a vibraculum 

(Delage et Hlrouard). 

1, nerre ; 2, muscles. 




Fig. 412 

Caberea ellisi 

(Osburn). 



Family 4. BICELLABIIDAE. 



Colony erect and branching; zocecia obliquely placed in 2 or more 
rows and conical or rectangular; stalked avicularia usually present and 
no vibracula; ocecia at the upper end of the zocecia: 16 genera. 

1. BxoEXXABiA Blainville. Zocecia cornucopia-shaped, loosely joined 
together and directed obliquely sideways : about 15 species. 
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Fig. 413 
Biccllaria 

oiliata 
(Osburn). 



B. dliata (L.) (Fig. 413). Colony forming feathery tufts 12 mm. 
high, white in color; zooecium with 4 to 7 very long slender spines along 
its upper margin: Atlantic coast, on hydroids and algae; Europe. 

2. Buotjla Oken. Zooecia more or less quadrangular, 
arranged in 2 or more rows; opening large, not oblique; 
avicularia in form of a bird's head: about 35 species, 9 
on the Atlantic coast, 8 on the Pacific. 

Key to the species of Bugula here described: 

Ox Zooecia in 2 rows B. tubbita 

o, Zooecia in 3 or more rows. 

6, Avicularia not at base of aperture B. flabellata 

6, Avicularia at base of aperture .B. murbayana 

B. turrita (Desor). Colony up to 30 cm. or more in height, com- 
posed of flat branches growing in spirals, each branch with 2 rows of 
zooecia, each zooecium with a spine on the outer upper angle ; color yellow : 
North Carolina to Casco Bay, very common in shallow water. 

B. flabellata (Thompson) (Fig. 414). Colony up to 25 
mm. high, composed of broad flat branches, each with from 
3 to 7 rows of zooecia, each upper angle with 2 spines; of 
an ashy color when dried, flesh color when alive : Vineyard 
Sound and northwards in shallow water; common; Pacific 
coast; cosmopolitan. 

B. murrayana (Johnston). Colony a bushy tuft up 
to 50 mm. high and like the above, with 3 to 12 rows of 
zooecia; each upper angle with a stout erect spine and 
1 to 5 long slender spines on each lateral margin; long 
clasping fibers present; ooecia with radiating striae; straw color when 
dry: circumpolar, south to Vineyard Sound in rather deep water; 
Europe; Pacific coast. 




Fig. 414 
Buffula 
flabellata 
(Osburn). 
1, oceclum 
2, avicularium 



Family 5. CELLAEIIDAE. 

Colony erect, slender, cylindrical, calcareous, usually dichotomously 
branching and jointed ; zooecia in 1 or more rows, lozenge-shaped or hex- 
agonal and arranged in series around a central axis, making the branch 
cylindrical: 8 genera. 

Oeixabia Lamouroux. Colony jointed, the internodes connected by 
flexible horny tubes; zooecia surrounded by a raised border; avicularia 
of simple type, resembling the ordinary zooecium; ooecia concealed, the 
opening being just above the mouth : several species. 

0. flstulosa (L.) (Fig. 415). Shape of zooecium variable; orifice 
arched above, slightly incurved below; area surrounding it minutely 
pitted; avicularium just above it and in the same line with the zooecium; 
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opening of ocecium round or oval: a northern species; on rocks, shells, 
etc., from shallow to deep water. 

Family 6. FLUSTBIDAE. 

Colony horn-like and flexible, erect, expanded, and f oliaceous, usually 
consisting of broad branches attached by a narrow base; zocecia contigu- 
ous and multiserial: 6 genera. 

Flustra L. Colony frond-like ; zocecia in 1 or 2 layers, more or less 
quadrangular in form, rounded above, with a raised margin; avicularia 






Fig. 415 



Fig. 416 



Fig. 417 



Fig. 415— Cellarla flatuloaa (Cambridge Natural History). Fig. 416— Flustra foUacea 

(Cambridge Natural History). A, entire colony : B, several Eooids. 

Fig. 417 — Membranipora pilosa (Osburn). 

resembling the zocecium and usually in line with them; ooecia concealed: 
several species. 

F. foli&cea (L.) (Fig. 416). Colony brownish in color, with a dis- 
tinct odor of violets when fresh, up to 15 cm. high; zocecia in rows and 
in 2 layers with 2 spines on a side; ooecia very shallow, the opening 
forming an arch over the upper end of the zocecium: a northern species 
occurring on stones, shells, etc., in shallow water. 

Family 7. MEMBRANIPORIDAE. 

Colony calcareous or partly membranous and flattened, being in- 
crusted on stones, shells, or seaweed, occasionally erect ; zocecia often more 
or less rectangular and with raised margins : several genera, with 150 species. 

Membranipora Blainville. Zocecia with raised margins and a 
depressed front wall which is wholly or partly membranous, and placed 
beside one another horizontally, forming a more or less irregular crust : 12 
species near Woods Hole. 

M. pilosa (L.) (Fig. 417). Zocecia ovate, narrowed below, thickly 
punctured with minute oval pores and often with a silvery sheen ; margin 
thickened, with 4 to 12 spines and just below it a corneous spine, some- 
times short and sometimes very long; no ocecia: on stones, etc., from tide 
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lines to deep water, from Long Island Sound to the Arctic Ocean; very 
common; cosmopolitan. 

M. monostachys Busk. Colony irregular, often radiate; zocecia oval 
and elongate, with usually 6 to 10 pairs of marginal spines, of which the 
upper pair is directed upwards and the others bend inwards, often meet- 
ing in the middle; a single large basal spine is directed forwards and 
may be the only spine present; avicularia wanting; ooecia wanting: on 
stones, shells, seaweed, etc., from shallow to deep water; New Jersey to 
the Arctic Ocean ; cosmopolitan. 

M. craticula Alder. Zocecia small, in regular radiating linear rows, 
oval; margin with about 14 flattish spines, of which the upper 2 are 
erect; the others extend across the cell, meeting in the middle of it; an 
avicularium often at the margin of the cell: on shells, etc., the colony 
forming small flabellate or roundish patches with a spongy appearance; 
from shallow to deep water; Arctic Ocean to Long Island Sound. 

Family 8. CRIBRILINIDAE. 

Colony incrusting or erect; zocecia with the front wall more or less 
fissured or traversed by radiating furrows : 6 genera. 

Oribbilzha Gray. Colony incrusting; zocecia contiguous; opening 
semicircular: about 20 species. 

0. punctata (Hassall). Zocecia oval, covered with small punctures, 
often arranged in rows; 4 or 5 marginal spines with usually an avicu- 
larium on each side of the orifice; ooecia rounded: Vineyard Sound and 
northwards; in shallow water; common on shells and pebbles; Europe. 

0. annulata (Fabricius) (Fig. 418). Zocecia ovate, convex, very 
distinct, with a median keel and about 6 transverse rows of punctured 
furrows; sometimes with 3 or 4 marginal spines; colony forming small 
reddish crusts: on stones and kelp, from shallow to deep water; often 
common north of Cape Cod; Europe. 

Family 9. MICROPORELLIDAE. 

Colony either incrusting or erect and foliaceous or dendritic; orifice 
more or less circular and with a straight lower margin and a semilunate 
or circular median pore immediately below it : 3 genera. 

MxcROFOKELLA Hincks. Colony incrusting; orifice semicircular: 
several species. 

M. ciliata (Pallas) (Fig. 419). Colony forming a delicate, irregular 
crust with a frosty sheen on seaweed, shells, etc.; zocecia obscurely hex- 
agonal and punctate; orifice bearing 3 to 7 long spines, which may be 
wanting ; median pore lunate ; large avicularium on one side with an acute 
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mandible often prolonged into a long, slender spine; ooecia globose, above 
the zooecium: cosmopolitan; from tide lines to 300 fathoms. 

Family 10. MYBIOZOIDAE. 

Colony incrusting or rising in a foliaceous or dendroid expansion; 
zooecia calcareous without raised margins or membranous area; opening 
with an indentation in the lower lip : 5 genera. 

Schizofobzlla Hincks. Colony incrusting, sometimes several lay- 
ers thick, or occasionally forming foliaceous expansions; avicularia 
usually lateral: over 100 species. 

8. unicornis (Johnston) (Fig. 420). Zooecia ovate or rectangular 
with a punctate surface, often silvery in appearance, an avicularium on 
one or both sides of the opening; orifice circular; ocecia globose, with 






Fig. 418 Fig. 410 Fig. 420 

Fig. 418 — CriWltna annulata (Osburn). Fig. 419— MUsroporella oiliata (Osburn). 
Fig. 420 — Schizoporella unicornis (Osburn). 

radiating grooves; colony forms a white or reddish spreading crust: South 
Carolina to Massachusetts Bay; from tide lines to deep water, on shells, 
stones, etc.; often very common; Europe. 

8. hyalina (L.). Zooecia elliptical, arranged irregularly in radiating 
rows; surface smooth and shiny, often glassy and transparent; opening 
terminal variable in shape, sometimes without the indentation; ooecia 
globose and punctate: Long Island Sound to the Arctic Ocean from tide 
lines to deep water; on stones, etc., and often forming nodules on hydroids; 
cosmopolitan; California. 

Family 11. ESCHAREDAE. 

Colony calcareous and incrusting, or erect, being lamellate or den- 
dritic; zooecia without raised margins or membranous area; sometimes 
with secondary opening, either elevated and enclosing an avicularium or 
not: numerous genera. 

1. TiBPRAUA Johnston. Zooecia usually ovate, with a more or less 
horseshoe-shaped orifice which is arched above and straight and often 
narrow below; colony incrusting or foliaceous, often radiating from a 
central point: about 70 species. 
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Fig. 421 

Lepralia 

pallasiana 

(Osburn). 



L. pallasiana (Moll) (Fig. 421). Zocecia large and coarsely punc- 
tate; orifice large, contracted on each side below the middle, often with 
an avicularium below the lower border; peristome raised and prominent; 
no ocecia ; colonies forming large, reddish crusts : common ; 
New Jersey to the Arctic Ocean, between tide lines and in 
shallow water. 

L. pertusa (Esper). Zocecia large, swollen, punctate; 
orifice round, contracted below by 2 lateral denticles, with 
usually a tubercle below it; ocecia globose: Gulf of St. 
Lawrence to Florida, on shells, etc., from shallow to deep 
water; colored patches radiating from a common center; 
Europe. 

2. Pobzlla Gray. Zocecia ovate or elongate, with a 
semicircular orifice, above which is a secondary orifice, 
this being elongate or more or less triangular and enclos- 
ing an avicularium; colony incrusting or erect and foliaceous. 

P. concinna (Busk). Zocecia granular, arranged in lines; orifice 
arched above, with 2 spines, frequently with a raised margin ; avicularium on 
lower lip; ocecia globose, prominent, often with a puncture 
in front : Cape Cod to Gulf of St. Lawrence, colony form- 
ing large circular reddish patches; Europe; California. 

3. Smittina Norman. Zocecia more or less quad- 
rangular, with a small circular orifice which is surrounded 
' by an elevated ridge or peristome; primary orifice dentate, 
secondary orifice with a sinus in front ; colony incrusting or 
erect and foliaceous: numerous species. 

8. trispinosa (Johnston) (Fig. 422). Zocecia ovate, 
very variable; orifice variable, usually round or pear- 
shaped, often being narrowed below, with 2 to 4 spines on young indi- 
viduals, frequently with a large avicularium at one side, occasionally 
with 1 or 2 small oval avicularia; ocecia large, globose, usually with 
2 or 3 punctures: Atlantic coast, colonies forming large 
yellow or whitish crusts; Europe; Pacific coast. 

4. Muoeonzlla Hincks. Zocecia with a semicir- 
cular or reniform opening, the margin being elevated in 
front and with a prominent tooth below: colony in- 
crusting; about 50 species. 

M. peachi (Johnston) (Fig. 423). Zocecia rhom- 
boidal; opening large, with 6 slender marginal spines 
which may be wanting in old individuals; ocecia small: 
Long Island Sound to the Arctic Ocean, from tide lines to deep water, 
colony forming a large whitish irregular patch of solid texture; Europe. 




Fig. 422 
Bmittina 
trUp4no*a 
(Osburn). 




eachi 

i.sburu). 
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Family 12. CELLEPORIDAE. 

ZocBcia calcareous, tubular, more or less erect, with a terminal open- 
ing, and irregularly heaped together; colony usually incrusting, often 
composed of many layers of cells ; sometimes erect : 2 genera. 

Gellepora Fabricius. With the characters of the family: numer- 
ous species. 

0. americana Osburn. Colony incrusting or rising in nodular 
branches a few millimeters high, growing on hydroid and bryozoan stems 
and algae; zooecia ovate, more or less erect, heaped upon one another and 
turned in various directions; orifice circular with a notch and a rostrum 
which overhangs it and an avicularium at its base: Long Island to Arctic 
Ocean; often common. 

0. pumicosa (L.). Colony massive, scabrous, composed of many lay- 
ers of pinkish color when fresh ; zocecia subcylindrical or ovate, smooth, 
erect, crowded; orifice round, with a thin, raised margin, immediately 
below which a tall rostrum bearing an avicularium is often present: 
Atlantic and Pacific coasts, covering stones and shells in shallow 
water; common. 

Suborder 3. CTENOSTOMATA. 

Opening terminal and closed by an operculum of setae set in a 
thin membrane; zocecium never calcareous but fleshy or membranous; 
no avicularia, vibracula, or ooocia: 11 families, 10 of which are marine. 

Key to the families of Ctenostomata here described: 

Ox Animals marine. 
bx Colony fleshy, forming irregular, incrusting or erect masses. 

Ox Opening of zocecium not bilabiate 1. ALCYOiannoAE 

c, Opening with 2 distinct lips 2. Flustbellidas 

t t Colony branching, either recumbent or erect. 

Ox All the tentacles erect, forming a circle 3. Vesiculabiioae 

c, Tentacles not in a circle, 2 being turned back 4. Valkerhoae 

a, Animals in fresh water 5. Paludicellidae 

Family 1. ALCYONIDIIDAE. 

Colony fleshy or membranous, forming either an expanded and gelat- 
inous crust on seaweed or rocks, or being erect and cylindrical or com- 
pressed; zocecia closely joined and developing by budding from one 
another and not from a stolon; opening closed by an invagination of the 
tentacular sheath: 1 genus. 

ALOTOHiDrnn Lamouroux. With the characters of the family: 18 
species. 

A. mytili Dalyell. Colony an extensive gelatinous crust, cylindrical 
or somewhat flattened, and irregular in shape and reddish, gray, or yel- 
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lowish in color; zooecia hexagonal, closely packed together: from the Arctic 
Ocean south to Long Island Sound, on stones, piles, crabs, etc., from tide 
lines to deep water; Europe. 

A. hirsutum (Fleming) (Fig. 424). Colony incrusting or erect, com- 
pressed, expanded, and branched, yellowish-brown or reddish in color, 
the surface covered with conical papilla, between which are the orifices: 
Long Island Sound to Arctic Ocean in shallow water, incrusting the 
stems of fucus and other plants; common; Europe. 

Family 2. FLUSTRELLIDAE. 

Colony similar to the above^but the opening is bilabiate, with a 
movable lip which acts as an operculum; larva (Cyphonautes) with a 
bivalve shell: 1 genus. 

Flubtkella Gray. With the characters of the family : 3 species. 

F. hispida (Fabricius) (Fig. 425). Colony a thick, brown crust, 
roughened by numerous reddish spines; zooBcium ovate or hexagonal, with 





^4 



Fig. 425 Fig. 426 

Alcyonidium hirsutum (Osburn). Fig. 425 — Flustrclla hispida (Osburn). 
Fig. 426 — Boicerbankia gracilis (Osburn). 

a raised opening around which are one or more tall, red spines, which may 
also be present along the margin of the cells : circumpolar, south to 
Long Island Sound and Alaska, incrusting the stems of fucus, etc; 
common; Europe. 

Family 3. VESICULARIIDAE. 

Colony horn-like or membranous, branching, and either erect or recum- 
bent, the zooecia contracted below, budding off from a distinct stem: 
5 genera. t 

1. Bowerbavxxa Farre. Colony recumbent; zooecia cylindrical, in 
clusters often spirally arranged; 8 to 10 tentacles in a circle; gizzard 
present between stomach and oesophagus: 20 species. 

B. gracilis Leidy (Fig. 426). Colony creeping, the cylindrical zooids 
rising separately from the recumbent stem: coast of New England, on 
hydroids, seaweed, etc. 

2. Amathia Lamouroux. Colony erect; zooids in a double series: 
several species. 
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A. dichotoma (Verrill) (Fig. 427). Colony 5 cm. or more high and 
white in color, repeatedly forking, a short, dark-brown segment being 
at the base of each fork; zooids crowded together spirally in groups of 
6 to 12 each: New Jersey northwards, on algae, rocks, etc., in shallow 
water; often common. 

Family 4. VALKERHDAE. 

Colony branching and erect or recumbent and creeping; tentacles 
8 in number, 2 of which are bent outwards towards the side and 6 are 
erect; zooBcia contracted below: 1 genus. 

Valkekza Fleming. With the characters of the family: 4 species. 






Fig. 427 Fig. 428 Fig. 429 

Fig. 427 — Amatftia dichotoma (Osburn). Fig. 428 — Valkeria uva (Osburn) 
( Fig. 429 — JPaludicella ehrenbergi. 

V. uva (L.) (Fig. 428). Colony composed of delicate jointed tubes, 
which creep over seaweed, hydroids, or shells, or may stand erect to a 
height of 5 to 10 cm. giving off paired branches; zooids in thick clusters, 
which are principally at the base of the branches and on them: from 
New Jersey northwards, in shallow water; Europe. 

Family 5. PALUDICELLIDAE. # 

Colony with a horn-like or membranous cuticula and composed of 
delicate, jointed, branching, recumbent or partly erect tubes, which creep 
over stones and sticks in slow streams and fresh-water ponds : 2 genera. 

Key to the genera of Paludicellidae : 

Ox Zooids recumbent, not rising from stolons 1. Paludicella 

a, Zooids erect, rising from stolons 2. Pottsiella 

1. Paludicella Gervais. Colony consists of series of club-shaped 
zooids placed end to end and separated from one another by partitions; 
opening lateral; branches usually paired; no statoblasts present but 
hibernacula or winter buds which persist when the rest of the colony 
has died: 1 species. 

P. ehrenbergi van Beneden (Fig. 429). Colony recumbent or partly 
erect ; length of zooid 2 mm. ; number of tentacles about 16 : cosmopolitan. 

• See "Observations on Budding in Paludicella and Some Other Bryozoa," by 
C. B. Davenport BuU. Mas. Comp. ZooL, Vol. 22, 1890. 
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2. Pottbzella Kraepelin. Colony consists of stolons from which 
at intervals single erect, cylindrical zooids arise; opening terminal: 1 
species. 

P. erecta* (Potts). Length of zooid 1.5 mm.; nnmber of tentacles 
about 20: Montgomery County, Pennsylvania. 

Order 2. PHYLACTOKEMATA4 

Lophophore oval or horseshoe-shaped; epistome present, projecting 
over the mouth; statoblasts present, which usually have a broad mar- 
ginal band of air cells called the float which sustains them in the water: 
in fresh water; 3 families and about 30 species, 7 American. 

Key to the families of Phylactolcemata : 

Ox Colony branched, provided with an opaque chitinoas or hyaline cuticula ; 
statoblasts without hooks. 
&t Lophophore nearly circular; statoblasts without float.. 1. Fredericeixidab 
o, Lophophore horseshoe-shaped ; statoblasts with float. . . .2. Plumatellidak 
a, Colony massive, secreting a gelatinous base; statoblasts with float and 

hooks 3. Chistatellidas 

Family 1. FEEDEBICELLIDAB. 

Colony tubular, branched in form of antlers; lophophore oval; 
cuticula opaque and brown, rarely gelatinous and hyaline; tentacles not 
over 24; statoblasts dark brown, elliptical, with- 
out float: 1 genus. 

1. Fbederxoella Gervais. Colony dendritic 
and either recumbent or erect, attached either- 
entirely or partially to the under surface of 
stones or sticks in ponds and streams, usually in 
dark places; lophophore oval, bearing usually 20 
Fredericeila sultana. to 22 tentacles: 1 American species. 
' °° BrstatoWaSt* " F. sultana (Blumenbach) (F.walcottii Hyatt; 

F. pulcnerrtma Hyatt; F. regxna Leidy) (Fig. 
430). Form of colony differs in different localities, consisting of inter- 
twining branches which adhere to the substratum or form a dense clump : 
cosmopolitan. 

Family 2. PLUMATELLIDAE. 

Colony consists either of cylindrical tubes which are either branched 
or form massive clumps or of hyaline, recumbent, lobed tubes, or of 
hyaline erect, slightly lobed sacs ; tentacles 40 to 60 on a horseshoe-shaped 

• See "On Palndlcella erecta," by E. Potts, Proc. Acad. Nat. Set, 1884, p. 218. 
t See "Observations on Polyzoa, Suborder PbylactoUemata," by A* Hyatt, Proc 
Essex Inst., Vols. 4 and 5, 1866-1868. 




Digitized by 



Google 



BRYOZOA 



263 



lophophore; statoblasts elliptical, without marginal hooks but with a float: 
several genera. 

Key to the genera of Plupiatellidae here described : 

Ox Statoblasts oval ; sooids uniformly spaced 1. Plumatella 

a, Statoblasts lenticular ; zooids grouped at intervals 2. Lophopus 

1. Plumatella Lamarck. Colony consists of cylindrical, more or 
less branched tubes, either recumbent or erect, which lie extended on 
the substratum or form a clump; 40 to 60 tentacles: about 20 species, 3 
American ; in ponds and streams, usually not in the light ; the commonest 
fresh-water bryozoans. 

P. princeps Kraepelin (P. diffusa Leidy) (Pig. 431). Colony creep- 
ing or erect, often much branched, the branches sometimes fused to- 





Fig.431 



Fig. 432 



Fig. 431 — Plumatella princeps. A, a colony (Davenport) ; B, a floating statoblast ; 
C, a stationary statoblast (Stissw. F. Dout.). Fig. 432 — Plumatella polymorphs. 
▲1 a colony (Davenport) ; B, a floating statoblast ; C, a stationary statoblast 
(Sttasw. F. Deut.). 

gether; cuticula brown, with a keel that broadens at the aperture; 
statoblast elongated: cosmopolitan. 

P. polymorph* Kraep. (P. nitida Leidy; P. arethusa Hyatt) (Fig. 
432). Colony creeping or erect, often richly branched; cuticula usually 
transparent, rarely brown or keeled ; statoblast nearly 
circular, sometimes with angular margin: cosmopol- 
itan. 

P. punctata Hancock (P. reticularis Leidy; P. 
vitrea Hyatt) (Fig. 433). Colony creeping, often 
thickly branched; cuticula colorless, transparent, the 
elevated mouth cone being wrinkled and spotted with 
white; statoblast nearly circular: in America and 
Europe. 

2. Lophofus Dumortier. Colony thick, erect, 
and sometimes lobed; cuticula gelatinous; about 60 tentacles; statoblast 
with acute ends ; 1 American species. 

L. cristallinus (Pallas) (Fig. 434). Colony up to 10 mm. long: in 
ponds and slowly-flowing streams, chiefly on water plants ; rare ; America 
and Europe. 




Fig. 433 Fig. 434 

Fig. 433 — Stato- 
blast of Plumatella 



punctata (Stissw. F. 
Deut). Fig. 434 — 
Statoblast or Lopho- 
pus cryjtallinus 
(Stissw. F. Deut.). 
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Family 3. CEISTATELLIDAE. 

Colonies forming compact hyaline groups which secrete a gelatinous 
base; aperture slightly elevated above the level of the group; statoblasta 
large, about 1 mm. in diameter, provided with hooks : 2 genera. 

Key to the genera of CristatelUdae: 

o, Statoblast with a row, of marginal hooks; gelatinous base often very 

thick 1. Pbctinatella 

o, Statoblast with 2 rows of marginal hooks ; gelatinous base forms a thin 

sole 2. Cristatella 

1. Peotihatella Leidy. Many associated colonies in rosette-shaped 
groups on a gelatinous base which may attain a 
thickness in the autumn of 40 cm.; the youthful 
colony is locomotory: 1 American species. 

P. magnified Leidy (Fig. 435). Tentacles 60 to 
84 in number; statoblasts circular, black in color, 
with 10 to 22 marginal anchor-shaped hooks: often 
common on stones, sticks, etc., in ponds and streams; 
North America; introduced locally into Europe and 
Japan. 

2. Cristatella Cuvier. Colony an elongate, 
gelatinous mass with a thin, flat sole on which it 
creeps; the zooids are located on the upper surface 
of the colony and may contract into a common cavity; 
statoblasts circular with 2 rows of marginal hooks: 1 
species. 

0. mucedo Cuv. (C. idae Leidy; C. ophidioidea Hyatt; 
C. lacustris Potts) (Fig. 436). Young colony circular, 
later elongate, attaining in the autumn a length of 28 
cm.; usual length 3 to 5 cm.; 80 to 90 tentacles; statoblasts 
with 10 to 34 hooks in one row and 20 to 50 in the other: 
America and Europe, in ponds and sluggish streams on submerged sticks, 
pond lily leaves, etc.; not common. 





Fig. 435— Pectina- 

" magnified (Dav- 

rt). A, a thick 



tella magniflca (Dav- 
enport). A, a 
gelatinous mass sur- 



rounding a stick on 
which are numerous 
colonies ; B, stato- 
blast 







Fig. 436 

Statoblast of 

Cristatella 

mucedo 
( Silas w. F. 

Deut.). 



Subphylum 5. BRACHIOPODA.* 

Sessile, marine, inollusk-like animals in which the body is enclosed 
in a bivalve, calcareous, or horny shell, one valve of which is dorsal and 
one valve ventral. The shells (Fig. 437) can be opened and closed by 
means of muscles, the hinge end being posterior and the opening anterior 

* See "Catalogue of the Recent Species of the Class Brachiopoda/' by W. H. Dall, 
Proc. Acad. Nat. Sci., Phil., 1873, p. 177. "A Monograph of Recent Brachiopoda," by 
T. Davidson, Trans. Lin. Soc, 2nd ser., Vol. 4, 1886-1888. ** Revision of the Families 
of Loop-bearing Brachiopoda/' by C. E. Beecher, Trans. Conn. Acad... Vol. 9, 1893. 
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in position. The animal is attached to some more or less fixed object by 
means of the peduncle, a stout, muscular stalk which is a prolongation of 
the hinder end of the body and passes either between the valves of the 
shell or through a hole in the projecting ventral valve; in a few species 
(Crania) the whole ventral valve is attached, no peduncle being present. 
The soft parts of the body, which lie between the hinder and middle 
portions of these shells, are very short and broad, and from them two 
leaf -like folds called the dorsal and the ventral mantles extend forwards 
and cover the inner surface of the forward portion of the shells. Two 
additional projections of the anterior body wall also extend forwards and 
occupy the space between the two mantles. These are the tentacular arms 
or lophophores, a pair of ridges or of bent or coiled arms which in the 




Fl*. 437 — Diagram of a brachiopod (Delage et Herouard). 1, peduncle; 2, dorsal 

shell ; 3, stomach ; 4, liver ducts ; 5, mouth ; 6, mantle : 7, gills ; 

8, lophophore; 9, muscles; 10, intestine; 11, ventral shell. 

Testicar dines are supported by a calcareous skeleton proceeding from the 
dorsal valve of the shell. These arms are the largest and most conspicuous 
organs in the body and have given the group its name : they are respiratory 
and sensory in function, and are also of use in the ingestion of food. 
Both they and the mantles contain a cavity which is in direct communi- 
cation with the body cavity. Running along the surface of each ridge or 
arm is a ciliated groove along one side of which is a row of ciliated ten- 
tacles. By the action of these cilia the minute organisms which form the 
food of the animal are swept into the mouth. 

The mouth lies between the base of the arms and is without special 
jaws or lips; it opens into a digestive tube in which an oesophagus, stom- 
ach, and intestine may be distinguished. Sac-like digestive glands (livers) 
open into the stomach. The Testicardines have no anus: in the E car dines 
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the anus is at the hinder end of the body between the edges of the shells. 
The nervous system consists of a pair of ganglia dorsal to the oesophagus, 
a ventral pair, connecting commissures and radiating nerves. There are 
no special sense organs in the adult animal, although the larva may have 
eye spots and otocysts. The circulatory system consists of a heart, a large 
vein which enters it anteriorly, and arteries which proceed to the spaces 
of the body cavity. The excretory organs consist of a pair (two pairs in 
Ehynchonella) of nephridial tubes which open into the body cavity at one 
end and into the mantle cavity at the other. The sexes are as a rule sep- 
arate. The two pairs of genital glands lie near the intestine and discharge 
their products into the body cavity, whence they find their way to the 
outside through the nephridia. The larva is a trochophore, and is made 
up of three divisions, from the middle one of which the mantle folds 
develop : after a few hours of free life the larva attaches itself. 

Habits and Distribution*— All Brachiopoda are attached to rocks, or 
other similar objects, except the Lingulidae, which live in vertical burrows 
in the sand. Most of the species live in shallow water in the neighbor- 
hood of continents: a few, however, are found in the deep sea. They are 
not generally distributed over the world but are localized, as is the case 
with many ancient groups of animals, but are often found in large num- 
bers where they do occur. Brachiopoda have flourished during all the 
geological ages from the Cambrian down to the present time, the genus 
Lingula, which is still plentiful in the Indian and Pacific Oceans, being 
the oldest known genus of animals. About 2,500 fossil species have been 
discovered, mostly in the Paleozoic rocks, only about 120 living species 
being known. 

History.] — The conspicuous shells of the Brachiopoda attracted the 
attention of the older naturalists, by whom the animals were almost uni- 
versally regarded as mollusks. The name Brachiopoda was given them 
in 1807 by Dumlril. In 1873 and 1874 Morse and Kowalevsky independ- 
ently demonstrated by a study of their embryology that the affinities of 
brachiopoda were not with the Mollusca but rather with the Annelida. 
Brooks held them to be Bryozoa, while Huxley and Claus placed them 
among the Molluscoidea, a subkingdom or phylum originally created by 
Milne-Edwards to contain the Bryozoa and Tunicata. Conklin and others 

• See "Observations on Living Brachiopoda/' by E. S. Morse, Mem. Boat Soc 
Nat Hist., Vol. 5, 1902. 

t See "On tbe Embryology of Terebratullna," by E. S. Morse, Mem. Bost. Soc 
Nat. Hist, Vol. 2, 1873. "On the Systematic Position of the Brachiopoda," by E. S. 
Morse, Proc. Bost Soc. Nat Hist., Vol. 15, 1873. "On the Development of the 
Brachiopoda," by A. Kowalevsky, Abst, by A. Agassis, Am. Jonr. Set, 1874. "Tbe 
Development of Lingula and the Systematic Position of the Brachiopoda," by W. K. 
Brooks, Sci. Results of Sess. of 1878, Chesapeake Zool. Lab. "The Embryology of 
a Brachiopod," etc., by E. G. Conklin, Proc. Am. Phil. Soc, Vol. 41, 1902. 
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quite recently have shown the relationship between the Brachiopoda and 
Phoronis. The affinities of the Brachiopoda are thus still obscure, but 
are undoubtedly with the Bryoeoa and Phoronis. 

The subphylum contains 2 orders. 

Key to the orders of Brachiopoda: 

Ot Shell without a hinge joining the valves 1. Ecabdines 

a, The valves of the shell joined by a hinge 2. Tbstigardinbs 

Order 1. ECABDINES. 

Shell horn-like or calcareous, the valves not being joined posteriorly by 
a hinge but only by muscles; mantles also not joined; no calcareous arms 
projecting from the dorsal valve to support the tentacular arms; anus 
present: 3 families with about 32 living and 400 fossil species, most of 
the latter being Paleozoic. 

Key to the families of E car dines here described : 

Ot Peduncle present ; animal living in sand 1. Lingulidae 

a, Peduncle not present; animal attached by ventral valve 2. Cbaniidae 

Family 1. LINGULIDAE. 

Shell more or less rectangular in shape, horn-like in texture, with 
valves of equal size, truncated in front and pointed behind; peduncle con- 
tractile and usually long; tentacular arms spiral, with about 6 whorls; 
mantle very vascular, with long stiff setae on the edges: 16 species, in 
2 genera, of which IAngula is found in the Pacific and Indian Oceans and 
Glottidia on both shores of America; 100 fossil species. 

Glottidia Dall. Shell smooth and linguiform; 
dorsal valve with 2 internal, sharp, incurved laminae 
diverging from the beak and extending a third of the 
length of the shell ; ventral valve, with a mesial septum 
extending forwards from the beak: about 4 species, on 
both Atlantic and Pacific coasts of America. 

O. albida (Hinds). Shell narrow, oval, tapering m 438 _T^| f. 
at the beak, very slightly curved in front, smooth, and ( Tryon) ar " 

white; peduncle stout and short, 45 mm. long; shell 30 
mm. long: Pacific coast from San Diego to Monterey, from low-water 
mark to 60 fathoms. 

G. audebarti* (Broderip) (IAngula pyramidata Stimpson) (Fig. 438). 
Shell narrow, tapering at the back, front margin nearly straight; color 
white, with transverse bands of green; peduncle very long and slender; 
animal hermaphroditic; length of shell 27 mm., breadth 10 mm.; length 

• See "A Study of the Structure of Lingula (Glottidia) pyramidata Stimp.," by 
H. B. Beyer, Stud. Biol. Lab., Johns Hopk., Vol. 3, 1886. 
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of peduncle 16 cm.: North Carolina to Florida; in vertical burrows in 
the sand between tide lines, the contractile peduncle extending straight 
down and the opening of the shell just reaching the water. 

Family 2. CRANIIDAE. 

Shell more or less quadrate or circular in shape and without a 
peduncle, being attached by the ventral valve to a rock; dorsal valve 
limpet-like; tentacular arms free and spiral; mantle extending to the 
edges of the valve, its margin being plain : 1 genus. 

O&ania Retzius. Shell smooth or radiately striated: 4 species. 

0. anomala (0. F. Miiller). Shell brownish in color, 18 mm. long 
and 22 mm. broad: Florida Keys and the West Indies, in 100 fathoms. 

Order 2. TESTICAEDDTES. 

Shell calcareous, the 2 valves being joined by a hinge; mantles also 
fused behind; ventral valve larger than the dorsal and with a beak at 
the hinder end through which the peduncle passes; tentacular arms 
supported by calcareous arms which proceed from the dorsal valve; anus 
wanting: 3 families and about 80 species; about 2,200 fossil species. 

Key to the families of Testicardines here described : 

a, Shell with a sharp, hook-like beak 1. Rhynchonellibae 

Os Beak not hook-like, but prominent 2. Terebbatulidab 

Family 1. RHYNCHONELLIDAE. 

Shell more or less triangular with a sharp, hook-like beak; calcareous 
arms long and slender, curving towards each other; tentacular arms 
long and spiral: 2 genera and 8 species. 

Rhynchonella Fischer. Shell with radiating ridges; dorsal valve 
very convex, ventral valve more flattened: 6 species. 

R. psittacea (Gmelin). Shell brown or black, 26 mm. long and not 
quite so wide: circumpolar, being found south to the Gulf of St. Law- 
rence and to the Aleutian Islands, in shallow water. 

Family 2. TEREBRATULIDAE. 

Shell round or oval, the lower valve with a prominent perforated 
beak and 2 curved hinge teeth, dorsal valve with a hinge process and a 
slender calcareous loop: about 10 genera and 68 species. 

Key to the genera of Terebratulidae here described: 

o, Calcareous loop short 1. Terebratulina 

o 2 Calcareous loop long. 

&i Loop with its principal stem attached but once 2. Waldeheimia 

6, Principal stem attached twice 3. Terebratella 

6, Reflected part of loop attached at the tip 4. Laqueus 
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Fig. 439 — Tcre- 
bratulina sept en- 
trionalis (Tryon). 

A, dorsal aspect; 

B, inner surface 
of dorsal shell, 
showing calcare- 
ous arms. 



1. Terzbbatulxva D'Orbigny. Shell punctate, with 5 radiating 
striations; calcareous loop short and forming either a perfect or a 
broken ring: 8 species; 22 fossil species. 

T. septentrionalis (Couthouy) (Fig. 439). Shell 
thin and semi-transparent, yellowish or whitish, broadly 
oval; beak projecting but little, truncated horizontally, 
with a large orifice; 13 mm. long and 8 mm. broad: 
coast of New England, in 20 fathoms off Cape Cod, at 
low- water line farther north; common. 

T. caput-serpentiB (L.). Shell oval, whitish or 
yellowish ; 25 mm. long ; 17 mm. wide : Europe ; Florida 
and the West Indies (var. cailleti) ; Pacific coast from 
San Diego to Aleutian islands (var. unginculata) . 

2. Waldheihia King. Shell globose and smooth, 
calcareous loop composed of 2 slender branches which 
extend from the hinge almost to the front edge of the 
shell, then curve backwards to the center, where they join: 10 species; 

90 fossil species. 

W. floridana Pourtales. Shell triangular, gray or 
brownish-white in color; length 22 mm.; width 25 mm.; 
depth 14 mm. : Florida reefs and the West Indies, in 100 
to 200 fathoms; abundant. 

3. Terebbatella D'Orbigny. Shell ovoid or round ; 
loop long and like Waldheimia, but with its principal 
stem twice attached: 9 species. 

T. transversa (Sowerby) (Fig. 440). Shell variable 
in shape, usually wider than long; length 30 mm.; 
breadth 38 mm.; depth 20 mm.; color from light yellow 
to dark purple: Monterey, California, northwards, in 15 
to 20 fathoms, the commonest brachiopod on the coast. 
T. spitzbergensis Davidson. Shell whitish-yellow and longer than 
wide; valves equally convex, smooth, and strongly punctate; length 9 
mm.; breadth 7 mm.; depth 3.5 mm.: circumpolar; 
south to Gulf of St. Lawrence, in 40 to 400 fathoms. 
4. Laquetts Dall. Shell broadly ovoid; loop 
long like Terebratella, but with the reflected portion 
attached by a connecting branch on each side to the 
principal stem: 3 species. 

L. calif ornicns (Koch) (Fig. 441). Shell 6 cm. 
long, 5 cm. broad, and 25 mm. deep; bright yellowish or reddish-brown 
in color : Santa Barbara County, California, and northwards, in 90 fathoms, 
being smaller towards the north. 




Pig. 440— Tere- 
bratella trans- 
versa (Keep). 
A, natural posi- 
tion, with the 
dorsal shell 
uppermost ; B, 
dorsal aspect. 




Laqueus calif ornicus 
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Subphylum 6. PHORONIDEA.* 

Sessile, marine worms living in chitinous tubes in shallow water, which 
have at the anterior end of the body a horseshoe-shaped tentacular crown 
or lophophore. The animals are gregareous, their tubes being often 
twisted together, but without, however, communicating with one another. 
The tubes are also covered with sand, pieces of shell, etc., which give them 
a characteristic appearance. The lophophore consists of a double ridge, 
each part of which bears a single row of tentacles, its lateral extremities 
forming a spiral coil on each side. The mouth and the anus are near 
together in the middle of the lophophore, but are 
separated by a long projection of the body wall 
called the epistome. Near the anus are the paired 
orifices of the kidneys. The body cavity is large and 
is divided by a diaphragm into two parts, an upper 
or anterior, which is continuous with the cavities of 
the epistome and the tentacles, and a lower, which 
contains the viscera: the diaphragm is pierced by 
blood vessels and the oesophagus. The digestive tract 
is U-shaped, consisting of the oesophagus, stomachy 
and intestine, and is supported by longitudinal mesen- 
teries. Two circulatory fluids are present, a colorless 
fluid in the body cavity and a red fluid in a system 
of closed vessels which lie along the two limbs of the 
digestive tube and are distributed to the tentacles 
and other organs. The kidneys are a pair of tubes 
which communicate between the body cavity and the 
outside. The nervous system is subepithelial in posi- 
tion and consists of a nerve ring surrounding the mouth and nerves 
going from it to the tentacles. The animals are hermaphroditic, the 
gonads lying near the stomach and discharging their products into the 
coBlom, whence they find their way to the outside through the kidney 
pores. The development is a metamorphosis, the characteristic larva 
being known as the actinotrocha. 

The systematic position of the animals has long been a matter of 
dispute, but they are now usually placed near the Bryozoa and Brachio- 
poda. The subphylum contains a single genus and about a dozen species, 
of which two are American. 

Phobokib Wright. With the characters of the subphylum: 11 
species. 

• See "Phoronla architects" by R. P. Cowles, Mem. Nat. Acad., Vol. 10, p. 76, 
1905. "On Phoronis padflca sp. nor.," by H. B. Torrey, Biol. Bull., Vol. 2, p. 283, 1901. 




Fig. 442 — Phoro- 
nis architeota — 
young Individual 
with about 30 ten- 
tacles (Cowles). 1, 
epistome ; 2, lopbo- 
more ; 3, digestive 
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P. architect* Andrews (Fig. 442). Tubes straight and about 13 cm. 
long and 1 mm. wide; anterior portion of body flesh color, posterior 
portion reddish or yellowish; tentacles about 100 in number; lophophore 
not spirally coiled at the ends: North Carolina, in sand flats near the 
low-water mark, the tubes being isolated and covered with sand grains; 
often common. 

P. padfica Torrey. Length of tube 9 cm.; diameter 2 mm.; each 
spiral of lophophore with IV2 to 2 turns; tentacles 170 to 200 in number; 
tube straight, cylindrical, incrusted with sand: Puget Sound; Humboldt 
Bay, California; in sand and mud flats. 



Subphylum 7. CILETOGNATHA.* 

Elongate, transparent worms of small size which live exclusively in 
the sea, preying on other small organisms. The body is long and slender 
and unciliated, and is provided with two or three pairs of horizontal fins. 
Surrounding the mouth at the front end of the body are long, paired, 
prehensile bristles or hooks and one or two rows of small teeth (Fig. 
443, B). A large body cavity is present, which is lined with a peritoneum 
and is divided by transverse septa into three compartments. The anus is 
at the hinder end of the body and between it and the mouth lies the 
straight digestive tract: longitudinal mesenteries join the intestine with 
the dorsal and ventral body walls. The nervous system is subepithelial; 
a large cerebral ganglion forms the brain and is connected with a large 
ventral trunk ganglion in the middle of the body by commissures. The 
brain sends off nerves to the two eyes and the unpaired olfactory organ 
behind them. No special respiratory, excretory, or circulatory organs are 
present. The animals are hermaphroditic, the sex cells arising from the 
peritoneum. The two ovaries are in the middle division of the body, the 
oviducts opening near them: the testes are in the hinder division of the 
body ; the spermatozoa escape to the outside through a pair of prominent 
seminal vesicles just in front of the tail fins. In the development the 
mesoderm is formed by the growth of paired pouches from the archenteric 
walls, the fused cavities of the pouches becoming the ocelom, a process 
characteristic of many annelids and also of the Chordata. 

The Chcetognatha are found in all seas, from the surface to the 
greatest depths, being often present in immense numbers. Six genera and 
about 30 species are known. 

* Bee "The Known Chstognatha of American Waters/' by F. S. Conant, Johns 
Hopk. Univ. Cir., Vol. 15, p. 82, 1806. "Chstognatbi," by R. von Ritter-Zabony, Das 
Tlerreicb, 1911. "Classification, etc., of tbe Chstognatha," etc, by B. A. Michael, 
Univ. of Cal. Pub., VoL 8, p. 21, 1911. 
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Key to the American genera of Chatognatha: 

Ox Two pairs of fins besides the caudal fin 1- Sagitta 

Ox One pair of fins besides the caudal fin. 

6 X Fins near the middle ; body slender, with 1 row of teeth 2. Eukbohnia 

6, Fins near the tail ; body broad, with 2 rows of teeth 3. Pterosagitta 



& 



1. Sagitta Quoy and Gaimard. Slender worms with 2 
pairs of lateral fins: about 25 species. 

S. elegans Verrill (Fig. 443). Length up to 3 mm.; 9 to 
12 oral hooks; anterior teeth 4 to 8; posterior teeth 6 to 9: 
North Atlantic. 

hexaptera D'Orbigny. Length 6 mm.; oral hooks 5 
to 10; anterior teeth 3 to 4; posterior 
teeth 3 to 5: Martha's Vineyard; cos- 
mopolitan. 

2. Ettebohnia Ritter-Zahony. A 
single lateral fin on each side near mid- 
dle of body; body slender: 3 species. 

E. hamata (Mobius). Length 4 
mm.; oral hooks 8 
to 10; 15 to 28 
teeth in a single 
row ; ovary reddish : 
cosmopolitan; Mar- 
tha's Vineyard. 
Body broad; a single 




Fig. 443 — Sagitta elegant (Zahony). 
A, entire animal ; B, head. 1, pre- 
hensile hooks ; 2, teeth ; 3, month ; 
4, ventral ganglion ; 5, female gen- 
ital organs; 6, anas; 7, female 
genital pore; 8, male genital pore. 



3. Pterosagitta Costa, 
pair of lateral fins near the tail; an expansion of 
the integument extending along the side of the body 
in front of each lateral fin to the head : 1 species. 

P. draco (Krohn) (Fig. 444). Length 10 mm.; 
oral hooks 4 to 10; anterior teeth 6 to 9; posterior 
teeth 12 to 18; forward of the middle of the body 
on each side is a bundle of long setae : cosmopolitan. 




Fig. 444 
Pterosagitta draco 

(Cambridge 
Natural History). 



Subphtlum 8. SIPUNCTJLOIDEA. 

Marine worms which, together with the Echiurida, are often included 
in a class of the Annelida called the Gephyrea. This is a name given 
them by Quatrefages (1847) to signify the belief that they bridge the 
gulf between the Annelida and the Echinodermata, the earlier zoologists 
having grouped them with the holothurians. The total lack of segmen- 
tation, however, at any period of the life of most of the Sipunculoidea, 
and the absence of metameric organs, have made it necessary to remove 
them from the Annelida, although the fact that they pass through the 
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trochophore stage indicates a dose connection with the immediate ancestors 
of that group. 

The Sipunculoidea are more or less elongated worms, the largest of 
which are 20 cm. or more in length, which live in the sand or mud, either 
free or in tubes or snail shells. The body is cylindrical and very con- 
tractile, nnsegmented and not ciliated, and without metameric ap- 
pendages, spines, or bristles; it is made up of two divisions, a usually 
slender anterior portion called the introvert, which can be invaginated, 
and the thicker hinder portion. The subphylum contains two classes. 

Key to the classes of Sipunculoidea: 
Ox Body elongate; anus at base of introvert; tentacles usually present. 

1. SIPUNCULIDA 

a, Body robust ; anus at hinder end ; no tentacles 2. Pbiapulida 

Glass 1. SIPUNCULIDA.* 

Elongated worms with short, hollow tentacles at the forward end 
which are either distinct or more or less united and usually surround the 
mouth, and with the anus in the dorsal surface near the base of the intro- 
vert The body wall consists of a cuticula, a single-layered hypodermis, 
and the muscles. The hypodermis gives rise to large glands which lie 
beneath it, in certain species enveloped in a gelatinous connective tissue 
called the cutis, and open through the cuticula to the outer surface. The 
muscles consist of an outer circular and an inner longitudinal layer and 
between them delicate oblique muscles, which, however, are not present in 
the introvert. The longitudinal muscles in certain species (Sipunculus) 
are split up into regularly recurring bundles, which produce a lattice-like 
effect (Fig. 446). The body cavity is voluminous and is bounded by a 
ciliated peritoneal lining; it contains a corpusculated blood fluid. Two or 
four retractor muscles extend back from the front end of the base of the 
introvert, by means of which invagination is effected. The digestive system 
consists of a narrow tube of about the same diameter throughout, which 
extends from the mouth at the front end to near the hinder end of the 
body, then turns on itself and extends forward to the anus. The two 
limbs of the intestine are usually twisted spirally together, in certain 
species around a single muscle strand called the spindle muscle. A blood 
vascular system is present in form of an. oesophageal ring canal, tentacular 
canals which extend from the ring canal into the tentacles, and one or two 
contractile caeca (hearts) which extend from the ring canal a short dis- 
tance along the oesophagus. These organs contain a fluid which serves to 
extend the tentacles, which are probably respiratory as well as sensory in 

• See "Die Slpnncnliden," by E. Selenka, in Reisen im Arch. d. Phillpp, yon C. 
Semper, 1883. "The Sipnnculids of the Eastern Coast of North America," by J. H* 
Qeronld, Proc, U, 8. Nat. Mns., Vol. 44, p. 373, 1913, 
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function. A pair of nephridia, called the brown tubes, opens to the out- 
side near the anus. The nervous system consists of a cerebral ganglion 
on the dorsal side of the (esophagus, which is connected by a pair of 
commissures with an unsegmented ventral nerve; this nerve passes to the 
hinder end of the body, sending off numerous nerves which are not regu- 
larly paired. A pair of simple eyes, pigmented or not, lies within the 
brain. A ciliated canal extending from the surface to the brain and called 
the cerebral tube, the walls of which are pigmented in certain species, 
is present just back of the tentacles : tactile organs are also often present. 
The sexes are separate, but alike in appearance. A pair of gonads de- 
velops in the peritoneum upon the base of the retractor muscles which 
discharge their products into the body cavity, whence they make their way 
to the outside through the nephridia. The young animal passes through 
an active free-swimming stage. The metamorphosis is not accompanied 
by any well-marked evidences of metamerism, and the adult worm is still 
trochophore-like, indicating that the animals are very primitive forms 
near the base of the annelid stem. The animals live in the sand and mud, 
which they swallow in large quantities. They are found in almost all 
parts of the world, mostly in shallow water. The class contains about 11 
genera and over 100 species, 16 of which have been found on the east and 
4 on the west coast of this country. 

Key to the genera Sipunculida here described : 

Ox Longitudinal muscles divided into bundles (except Phascolosoma gouldi). 
6, Tentacular fold instead of tentacles; no papillae on trunk. .1. Sipunculus 
6 a Isolated tentacles present 

c, Tentacles encircle the mouth 2. Siphonosoma 

c a Tentacles in a crescent dorsal to mouth 3. Physcosoma 

o, Longitudinal muscles not split into bundles (with Phascolosoma gouldi). 

6, Worms free-living with numerous tentacles 4. Phascolosoma 

6, Worms inhabit tubes or shells 5. Phascolion 

1. Sxfttnculto L. Mouth surrounded by a fluted tentacular fold, 
without isolated tentacles, behind which is the cerebral tube; no hooks on 
the introvert; longitudinal muscles in 17 to 41 distinct bundles, giving a 
lattice-like effect; 4 retractor muscles; rectum with 1 or more caaca; 2 
contractile hearts: 16 species, mostly of large size, in most seas. 

S. nudus* L. (Pig. 445). Body up to 21 cm. long; the anterior 
sixth covered with papillae; 13 longitudinal muscles: Beaufort, North 
Carolina; Key West; Europe. 

2. Siphonosoma Spengel. Similar to Sipunculus but with integu- 
ments! blind sacs and a statocyst near the tentacles; cerebral tube a shallow 
pit: several species. 

• See "On Some Points on the Anatomy and Histology of Sipunculus Dudus L.," 
by H. B. Ward, Bull. Mus. Comp. Zool., Vol. 21, p. 143, 1891, 
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Fig. 445 — Sipunculus 
nudus — anterior end of 
body with the introvert 
extended (Ward). 



S. cumanense (Keferstein). Longitudinal muscles 21; body cavity 
divided by septa into regular subdivisions as in an annelid; oral tentacles 
present: North Carolina; Florida; Philippines. 

3. Phyboosoma Selenka. Body covered with 
papillae; usually 4 retractor muscles; introvert 
with hooks arranged in rings; tentacles numer- 
ous, not surrounding the mouth but lying above it, 
forming a horseshoe; longitudinal muscles as in 
Sipunculus; eye spots present: about 27 species, 
mostly tropical 

P. aganzi Keferstein. Body up to 4 cm. 
long and 10 mm. thick; introvert as long as 
body; about 20 rows of broad hooks just back 
of tentacles, of which there are 20; 25 longi- 
tudinal muscles: Pacific coast, Vancouver to 
Panama. 

4. Phasoolosoma F. S. Leuckart. Longitu- 
dinal muscles usually not split up into bundles but 
forming a continuous sheath; mouth surrounded by 
one or more concentric circles of finger-shaped ten- 
tacles; 2 or 4 retractor muscles in the introvert: 
over 25 species, cosmopolitan, some species living 
in the shells of snails. 

P. gonldi* (Pourtales) (Fig. 446). Body with 
longitudinal muscles not forming a continuous sheath 
but split up into about 30 anastomosing bundles; 
length 18 cm., the anterior quarter of which is pro- 
boscis; skin smooth; tentacles very numerous, in sev- 
eral rows; a pair of pigmented ocular tubes open 
into the cerebral organ : Long Island Sound to Massa- 
chusetts Bay. 

P. eremita (Sars). Body with transverse ridges, 
2 to 5 cm. long and 5 to 12 mm. thick; introvert 
nearly as long as body, without hooks; 2 retractor 
muscles; no spindle muscle; 20 to 40 tentacles: 
Massachusetts coast northwards, in 40 to 1,000 fath- 
oms; Arctic Ocean. 

5. Phaboolzok Theel. Small forms living in 
tubes or in small shells; tentacles numerous, form- 

• See "Notes In the Anatomy of the Sipunculus gouldii Pourtales," hy B. A. 
Andrews, Stud. Biol. Lab. Johns Hopkins Univ., Vol. 4, p. 380, 1890. "The Develop- 
ment of Phascolosoma," by J. EU Gerould, ZooL Jahrb. Abt f. Anat, etc., VoL 23, 
p. 77, 1906. 




Fig. 446— Dissec- 
tion of Phascolosoma 
gouldi (Klngsley). 1, 
mouth ; 2, anterior 
retractor muscles ; 3, 
intestine: 4, neph- 
ridium ; 5, posterior 
retractors; 6, gonad; 
7, nerve chord; 8, 
anus. 
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ing a single circle around the mouth; alimentary canal not spiral or 

incompletely so; no spindle muscle; 2 retractors; but 1 brown tube: 15 

to 20 species. 

P. strombi (Montagu) (Fig. 447). Body 30 mm. long, with papillae; 

a band of minute hooks back of tentacles, and large, dark-brown, cres- 
centic or triangular hooks pointing forwards on the 
hinder part: common in 2 to 1,000 fathoms from the 
West Indies to the Arctic Ocean; Mediterranean; the 
worm lives in a snail shell, closing the aperture by means 
of sand cemented into a firm mass, leaving a hole through 
which the introvert is thrust out, and moves about car- 
rying the shell with it; common, there being many 

Phascoiion varieties, some of which form a thick short tube of mud 

strombi 
(Gerould). and sand. 

Glass 2. PRIAPULIDA. 

Body without tentacles; anus at the hinder end; introvert plump 
and covered with rows of small spines; trunk striated transversely and 
in most species bearing 1 or 2 large caudal appendages with respiratory 
papillae; alimentary canal in most cases straight and wide; pharynx 
muscular, provided with numerous teeth; main nervous system sub- 
epithelial, consisting of a ring around the mouth and a ventral cord 
without definite ganglia; no special sense organs, blood- vascular system, 
or nephridia in the adult, but in the young worm nephridia are present 
which open into the genital ducts; sexes distinct; gonads paired; genital 
ducts open to the outside near the anus: 2 genera and 6 species, which 
are found in shallow water in the colder seas, where they burrow in the 
sand and mud. 

Priapttlto Lamarck. Caudal appendages, covered with hollow 
papillae present; introvert thicker than the trunk, about a quarter as 
long as it and with spines in longitudinal rows : 5 species. 

P. caudatus Lam. Length 2 to 18 cm., color yellow or brown: 
Arctic seas. 
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PHYLUM IV. 
ANNELIDA.* (The Annelid Worms.) 

Elongated, segmented worms in which a distinct head, a ccelom, and 
a digestive tube are present, and the paired appendages, where present, 
are not segmented. 

External Structure.—The segmentation, which is the most character- 
istic feature of annelids, is approximately equivalent (Fig. 461, A). 
This is the most pronounced in the Chatopoda, in which it affects both the 
inner and the outer structure, the segments or somites being separated 
from one another by muscular partitions called dissepiments; in the 
Hirudinea and the Myzostomida the internal structure is also completely 
segmented but the rings which appear on the outer surface may not mark 
the somites; in the Echiurida the larval worm alone is segmented. 

A head is more or less distinctly marked in most annelids and contains 
the mouth, the brain, and also often tentacles, cirri and palps, which 
may have a tactile and often a respiratory function; eyes are also often 
present. The head is typically composed of two divisions (Fig. 459), the 
prostomium and the peristomium or metastomium. The first of these 
divisions is a distinct projection which forms the anterior end of the 
animal; it lies in front of the mouth (Fig. 450, A) and contains the brain 
and the eyes, tentacles, and palps, if these are present. The second con- 
tains the mouth, which is ventral in position, and often cirri, and is con- 
tinuous with the segmented trunk, in many annelids appearing as a 
part of it 

Paired, segmental appendages, which in the annelids are muscular 
projections of the body wall and are called parapodia, are present in the 
Poly chat a and the Myzostomida, and all annelids except the Hirudinea, 
most Archiannelida, and the Discodrilidae, possess paired, segmental groups 
of bristles, which are called setae and assist in locomotion. The parapodia 
are locomotory, respiratory, and tactile in function. The Hirudinea and 
a few other groups possess suckers, which assist in locomotion. 

The outer surface of the body of annelids is a cuticula and is usually 
not ciliated in the adult worm. 

• See "Invertebrate Animals of Vineyard Sound,*' by A. E. Verrill, Rep. U. S. 
Com. Fish, for 1871-72. "Preliminary Account of the Marine Annelids of the Pacific 
Coast," etc., by H. P. Johnson, Proc. Cal. Acad. Scl. (3), Vol. 1, 1897. "A Biological 
Surrey of the Waters of Woods Hole and Vicinity/' by F. B. Sumner, et al., Bull. Bur. 
Fish., Vol. 31, 1913. 
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Internal Structure.— The body wall consists of the cuticula, which 
forms the outer covering, the hypodermis, a single layer of cells which 
secretes the cuticula, and two layers of muscle fibers, an outer circular 
and an inner longitudinal layer. In the Hirudinea and Myzostomida the 
body cavity is filled more or less completely with a vacuolated connective 
tissue and muscle fibers, similar to the parenchyma of the Plathelminthes. 
In other annelids a spacious body cavity is present, which is usually 
divided by the dissepiments into as many separate spaces as there are 
somites. 

The mouth leads into the pharynx (Fig. 487,5), which in most anne- 
lids can be thrust out through the mouth to form a proboscis, and 
is the means by which the animal takes its food. An oesophagus is 
usually distinctly marked and is followed by the intestine, which in most 
cases is straight and passes to the anus at the hinder end of the body; in 
many annelids a pair of lateral intestinal pouches is present in each 
somite and a dorsal and a ventral longitudinal mesentery joins the intestine 
with the body wall. 

A well-developed system of blood tubes (Fig. 487, 7) is present in all 
except the lowest annelids, which often carry red blood, the most impor- 
tant of which are a dorsal longitudinal tube just above the intestine, a 
ventral tube just beneath it, and transverse tubes placing these in com- 
munication with each other. The body cavity has also a circulatory fluid 
of its own which in many annelids is in open connection with the blood 
tubes. 

The excretory system (Fig. 479,6) consists typically of a pair of 
coiled tubes called kidney tubules or nephridia in each somite. Each neph- 
ridium opens into the body cavity by the ciliated nephrostome at one end 
and to the outside through a pore in the body wall at the other. Respira- 
tion is carried on through the entire outer surface of the body. In the 
Polychtsta, however, special respiratory organs are present in the form of 
projections of the parapodia or the appendages of the head. 

The nervous system (Fig. 479) consists of paired, segmental, ven- 
trally situated ganglia and a pair of longitudinal nerves joining them. 
The anterior ganglionic mass constitutes the brain ; it is dorsal in position, 
being situated above the pharynx in the prostomium. In their most 
primitive condition these two longitudinal nerves are separated from each 
other, but in most annelids they lie close together, forming a single strand. 
Special sense organs exist in a variety of forms. Tactile organs in the 
form of the paired appendages of the head and trunk characterize the 
polychaets and the Myzostomida; in the oligochaets and leeches the entire 
forward portion of the body is highly sensitive. Eyes are present in 
polychaets and leeches, and a few of the former also possess lithocysts. 
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In the unisexual annelids (most polych&ts) the reproductive organs 
are not well marked except during the period of breeding, when they 
appear as specialized portions of the peritoneum. The hermaphroditic 
annelids on the other hand have a complicated system of reproductive 
organs (Fig. 479). The unisexual forms are mostly born in the form of 
the trochophore larva, which goes through a complicated metamorphosis 
before reaching the condition of the adult : in the hermaphroditic annelids, 
the development is usually direct, the young worm when born having the 
form of the parent. The body of the typical, primitive annelid may be 
divided into two portions, the prosoma, or the primitive head, and the 
metasoma, or the primitive segmented trunk. The trochophore larva, 
which in most cases is supposed to represent the prosoma alone, is a 
simple unsegmented animal, the metasoma not yet having made its appear- 
ance. The-onetasoma soon begins to grow, however, at the posterior end 
of the prosoma, the segments or somites developing one after the other as 
the worm increases in length, until in some cases a hundred and fifty or 
more may be present in the adult worm. In the higher annelids the 
prosoma annexes one or more of the anterior somites of the trunk and 
forms thus a head of increased size and complexity in which we can dis- 
tinguish the two divisions already mentioned, the prostomium and the 
peristomium. 

In the hermaphroditic annelids, which have a direct development, 
these processes go on in the egg and the young worm is born with its 
definitive form, although usually not with the full number of somites. 
Many annelids reproduce also asexually by transverse divisions or by 
serial or even lateral budding. 

Distributions and Habits.— AH annelids live in the water or in moist 
places on the land or in the earth, the majority being marine. Most of 
them are predaceous animals, although the oligochsts live chiefly on veg- 
etable substances. The leeches are either predaceous or parasitic and the 
Myzostomida are exclusively parasitic. 

History.— It was Cuvier who, in 1798, first called attention to the 
fundamental difference in structure between the higher and the lower 
worms, and Lamarck who gave the former the name Annelides. Savigny 
(1820) subdivided the group into the Annelides nereideae, serpuleae, lum- 
bricineae, and hirudineae, and may be considered the founder of the 
modern classification. Milne-Edwards (1834) introduced the subdivisions 
Annelides errantes, tubicoles, and terricoles, which for sixty years or more 
had a place in the system, and Grube (1851) the subdivisions Polychceta 
and OUgochata, which are still in general use. In more recent times 
Ehlers has been perhaps the most active in the development of the system. 

The phylum contains about 4,500 species grouped in 4 classes. 
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Key to the classes of Annelida: 

Ot No suckers or sucker-like organs present (except in the DUcodrilidae) ; 
segmentation usually distinct externally. . ^ ' 

bx No setae (except in Chatogordiu*) or parapodia present. 1. Akchiannelida 

o f Setae present 2. Ch^btopoda 

c, Suckers or sucker-like organs present 
6 t Body ringed externally with a terminal sucker at each end ; leeches. 

3. Hibudinea 
6, Body flat and oval in shape with 5 pairs of parapodia and 4 pairs of 

sucker-like organs ; parasites on echinoderms 4. Myzostomida 

^ Class 1. ABOHIANNELIDA. 

Primitive, marine worms of small size, which are probably near the 
base of the line of the Annelida, having many characters which ally them 
to larval polychaets: 2 isolated, genetically unrelated families. 

Key to the families of Archiannelida: 

Ot Body with 5 or 6 segments, marked by ciliated bands. .....1. Dinophiudak 

a, Body with numerous segments • • • .2. Polygobdhdae 

Family 1. DINOPHILn)AE. # 

Minute, marine worms living among seaweed; body short, thick, and 
cylindrical, and made up of a head or prostomium, a trunk consisting of 
5 or 6 segments, and a telson or tail ; head with a pair of 
eyes, 2 bands of cilia and tactile bristles, no tentacles 
being present; each segment with 1 or 2 bands of cilia; 
ventral surface also ciliated; sexes separate and develop- 
ment simple, the worm becoming adult at a stage resem- 
bling a polychffitous larva: 1 genus and about 9 species, 3 
American. 

Dxnopkxlto Schmidt. With the characters of the 
family. 

D. pygmaus Verrill. Length .7 mm; width .16 mm; 
trunk segments 5; color whitish: Woods Hole, on piles. 
Fig. 448 D* gardineri A. Moore. Color orange red ; trunk seg- 

D owliini 9 ments 6; body ciliated in addition to the ciliated bands: 
(Nelson). Wo<)dg j^ ^ brackish p^ 

D. conklini Nelson (Fig. 448). Length .5 to 1 mm.; colorless; trunk 
segments 6: New Jersey coast. 

Family 2. POLYGOBDILDAE. 

Small, marine annelids in which the segmentation is completely 
equivalent and often indistinctly marked externally or not at all, and 

• See "Dinophllldae of New England," by A. B. Verrill, Trans. Conn. Acad., VoL 
8, p. 457. "The Morphology of Dlnophllua conklini n. sp.," by J. A. Nelson, Proc 
Acad. Nat Sd., Phila., Vol. 59, p. 82, 1907. 
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Polyoordiu* 

appcnaiculatu* 

(Cowles). 



which have no parapodia and usually no segmental setae; head com- 
posed of prostomium and metastomium, the former lying in front of 
the mouth and hearing a pair of tentacles, the latter larger than the 
prostomium and without appendages; body cavity, 
digestive, excretory, and vascular systems typically 
annelidan in character; nervous system subjacent to 
the hypodermis and without distinct ganglia; animals 
unisexual, the genital products developing from special- 
ized regions of the peritoneum during the breeding 
season; young born as trochophore larvae: 2 or 3 Fig. 440 

genera; the larvae are common in the plankton at many Larva of 

places along the Atlantic coast, but with the exception 
of Clusetogordius no adult worms have been found. 

L Poltoosdito Schneider. Body filiform; segmentation indistinct^ 

at the forward end but more distinct at 
the hinder; tentacles short; anal segment 
enlarged: about 6 species. 

P. appendiculatus* Fraipont (Fig. 
449). Length 20 mm.; body salmon color; 
2 long anal appendages present: Atlantic 
coast (only larval forms heretofore 
found) ; Mediterranean. 

2. OHJETOOOXDnrsf Moore. Segmenta- 
tion as in Polygordius; hindermost 10 or 
12 segments setigerous; no anal enlarge- 
ment: 1 species. 

0. canaliculatus Moore (Fig. 450). Length 30 mm.: among marine 
oligochsts on Cape Cod. 

Class 2. CHJETOPODA.J 

Segmentation distinct, except in the Echiurida, both internally and 
externally; setae segmentally arranged in groups on the parapodia, where 
these are present, or sunk in pits on the integument: 3 orders. 

• 8ee "On the Rearing of the Larvae of Polygordlus appendiculatus and the 
Occurrence of the Adult on the Atlantic Coast of America/' by R. P. Cowles, Biol. 
BulL, VoL 4, p. 125, 1903. 

t See "A New Generic Type of Polygordlus,'* by J. P. Moore, Am. Nat, Vol. 38, 
p. 519, 1904. 

t See "Annelida Cbetopoda of New Jersey," by H. B. Webster, Thirty-second Rep. 
N. Y. St. Mus. Nat Hist, p. 128, 1879. "New England Annelids," by A. B. Verrlll, 
Trans. Conn. Acad., Vol. 4, p. 285, 1881. "The Annelida Chsetopoda from Province- 
town," etc, by H. B. Webster and J. B. Benedict Rep. Com. Fish, for 1881, p. 699, 

1884. "The Annelida Chstopoda from Eastport, Maine," by same, same jour, for 

1885, p. 707, 1887. "The Annelida Cbetopoda of Beaufort N. C," by B. A. Andrews, 
Proc. U. S. Nat Mus., Vol. 14, p. 277, 1891. "Polycheta of the Puget Sound Region," 
by H. P. Johnson, Proc. Bost Soc Nat Hist, Vol. 29, p. 381, 1902. 




Fig. 450 — GKatogordiu* cana- 
Uculatu* (original drawings by 
J. P. Moore). A, anterior end; 
B, posterior end. 



Digitized by 



Google 



282 



ANNELIDA 




parapodia 
A, 



Fig. 451 — Diagram 
(Cambridge Natural History). 
Nephthys: B, Amphinome; C, uiy- 
cera; D, SyMs; E, Leodice; F, Phyl- 
lodoce. 1, notopodium ; 2, neuropo- 
dium; 3, cirrus. 



Key to the orders of Chcetopoda: 

Ox Segmentation distinct -*i x c 

b x Parapodia with complex groups of setae ; usually cephalic appendages 

present ; mostly marine ~. . .' 1. Polycosta 

b t No parapodia or cephalic appendages present; mostly fresh-water or 

terrestrial * 2. Oligochjcta v 

a, Segmentation indistinct or wanting in adult ; marine 3. Echturida 

a. 

Order 1. POLYGttffiTA. 

Mostly marine annelids, either free- 
swimming or sedentary, which are pro- 
vided with parapodia. Two portions 
may usually be distinguished in the 
parapodium (Fig. 451), the dorsal no- 
topodium and the ventral neuropodium, 
both of which may contain setae; two 
cirri, a dorsal and a ventral, extend 
from it. In the sedentary polychaets 
the parapodia are much reduced in 
size on either the whole or a part of 
the body and in a few they are entirely 
wanting. 
The polychffits have a distinct head which is usually provided 

with special sense organs (Fig. 452). The prostomium may bear ten- 
tacles, which may number from one 

to ten and are dorsal in position, 

and two palps which are ventral 

and in certain forms are broken 

up into long respiratory filaments. 

Elongated peristomial cirri may 

also be present. Eyes are often 

present on the prostomium and 

lithocysts are found in a few forms 

(Arenicola). The mouth is in the 

peristomium and is often provided 

with a proboscis. Polychffits are 

often highly colored; bright red, 

green, blue, and yellow tints char- 
acterize many of them and make 

them very beautiful animals. 

Polychffits are usually born as 

trochophore larvae and pass through a metamorphosis before reaching 

the adult stage. Many reproduce asexually by serial or even lateral 




452 — Diagram of the heads of 
various polychets (Cambridge Natural 
History). A, poly not d ; B, syllid ; C, 
Nephthys; D, Leodice: B, Phyllodoce; 
F, Trophonia. 1, prostomium; 2, peri- 
stomium ; 3. tentacles ; 4, palps ; 5, 
peristomial cirri. 
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budding. In many the anterior part of the body is sexless and is called 
the atoke, while the hinder part is sexual and is called the epitoke, these 
two portions being different in appearance; in some the epitokes break 
oft from the atokes and swim about independently, while the atokes bud off 
new epitokes. The palolo worm of the Samoan and Fiji Islands is the 
epitoke of Leodice viridis, which comes to the surface in great numbers at 
the full of the October moon to breed, and which are caught by the natives 
for food. The palolo worm of the Atlantic is L. fucata. In Syllis the 
epitoke forms a new head; in Autolytus this happens before separation. 

In certain species of Nereis heterogamy is present, a small pelagic 
form alternating with a large one which lives at the bottom. 

Distribution and Habits.— A very few polychsts live in fresh water 
(Manayunkia in the Schuylkill, a Nereis in California, and several others) ; 
the remainder, which are marine, are almost all bottom animals which 
burrow in the sand or in rocks or live in tubes they have built for 
themselves of lime or other material. They are found at all depths and 
are usually numerous in all parts of the world. The free-swimming poly- 
chaets are predaceous animals, while the sedentary ones live on all kinds of 
organic substances; a few are parasitic, and a number commensalistic. 

The order contains about 39 families and 2,500 species grouped in 7 
suborders. 

Key to the suborders of Polychceta : 

Ox Worms free-swimming or burrowing, a few tubicolous ; head distinct, with 

tentacles and palps 1. Nebeidifobmia 

a, Worms tubicolous or burrowing; head not so distinct and not provided 
with both tentacles and palps ; sometimes with neither. 
bt Peristomium does not project forwards in form of a collar. 
c, Head with gill filaments (except in Cirratulidae).. ..3. Tebbebellifobmia 
c, Head without gill filaments. 

d\ One pair of long peristomial cirri present 2. Spionifohmia 

d t One pair of retractile tentacle-like organs on head.. 4. Capitellxfobmia 
d t Head with no appendages (except in Chlorhamidae) ... .5. Scoleciformia 
b t Peristomium projects forward in form of a collar. 

Cx Peristomial collar not setigerous 6. Sabellifobmia 

c, Peristomial collar setigerous 7. Hebmelliformia 



Suborder 1. NEREIDIFORMIA.* 

Well-developed tentacles and palps present; peristomial cirri almost 
invariably present; parapodia well developed, with internal skeletal rods 
called acicula and ventral and dorsal cirri; proboscis present, often 
with prehensile hooks; worms predacious, a few forming tubes: about 
13 families. 

• 8ee "Die BoretenwUrmer," by E. Ehlers, 1864. 
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Key to the families of Nereidiformia here described : 
«! Back partially or totally covered with broad, overlapping scales. 
Oi Back without these scales. L Aphboditidab 
6, Dorsal cirri broad and leaf-like, overlapping one another, but not cover- 
ing the back 2. Phyixodocidae 

o, Cirri not broad and leaf-like. 

<?! Dorsal cirri usually long and slender; asexual budding usual. .3. Syllidae 
c, Dorsal cirri not very long ; asexual reproduction unusual. 
4i Prostomium not annulated. 
6t No large teeth or jaws on proboscis. 

f x Proboscis simple ; parapodia usually uniramous 4. Hesionidae 

/, Proboscis divided into lobes ; prostomium small and acute. .9. Ariciidae 
e, Two or more large teeth or jaws usually on proboscis. 
f x But 1 pair of jaws; 1 pair of tentacles, 1 pair palps and 4 pairs 

peristomial cirri 5. Nereidae 

/, Two or more pairs of jaws. 

g x One pair of dorsal and 1 pair of ventral jaws 6. Nephthydidae 

g t Jaws form a complicated apparatus 7. Leodicidae 

dx Prostomium annulated ; tentacles inconspicuous ; proboscis very large. 

8. Gltcebidab 

Family 1. APHRODITIDAE. (Fio. 452, A.) 

Worms with imbricated scales (elytra) on the back, mostly on alter- 
nate segments, which may take the place of dorsal cirri; slender dorsal 

cirri usually alternate with the scales; head 
with usually 3 tentacles and 2 long palps: 
numerous genera and species. 
*^£i' ; 5sHk Key to the genera of Aphroditidae described : 

Ox Body with felt-like bristles on sides and back 

concealing the elytra 1. Aphbodita 

a, Body without this felt. 
b x Body with but few pairs of elytra. 
c x Prostomium prolonged into the base of the 
lateral tentacles; 12 pairs of elytra. 

2. Lepidonotus 
c s Prostomium produced forward into a pair 
of pointed tips, quite free from the base 

of the tentacles 3. Habmotho£ 

jftfcv' gS o* Body with numerous pairs of elytra. 

Ox Over 40 pairs present 4. PholoS 

c, Over 100 pairs present 5. Sthenelais 

1. Aphbodita L. Body elliptical, with 15 

a v **. *!* * 4 ^ 3 m* „„x pai rs of elytra; entire back covered by the 
Aphrodita hastata (Moore). * . 

long felt-like setae arising from the notopo- 
dium; strong dorsal setae also present, projecting through the felt; 1 
short tentacle and 2 long palps on the head: about 15 species, 2 in the 
Woods Hole region. 

A. hastata Moore (Fig. 453). The Sea Mouse. Body short, wide, 
and thick, the sides and back covered with the iridescent felt; dorsal 
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Fig. 454 

Lepidonotua 

aquamattis 

(Verrlll). 



setae curve over the back to the middle line where they end in hooks; 
length 12 cm.; width 4 cm.: Vineyard Sound, in from 10 to 100 
fathoms. 

2. Lbpidonottts Leach. Body broad, with nearly parallel sides, 
and 12 pairs of elytra ; head with 3 tentacles, 2 long palps, and 2 pairs 
of peristomial cirri; eyes sessile: under stones near tide 
lines; 2 New England species. 

L. squamatus (L.) (Fig. 454). Elytra tuberculated ; 
color dark brown ; length about 3 cm. ; width 8 mm. : very 
common from New Jersey to Labrador; Europe. 

L. sublevis Verrill. Elytra smooth ; color light brown 
or gray, with spots; length about 3 cm.; width 7 mm.: 
Virginia to Massachusetts; not so common as the above. 

3. Ha&mothoe Kinberg. Body flattened and elon- 
gate, with 15 pairs of elytra; head bilobed and with 3 
tentacles, 2 long palps, 2 pairs of peristomial cirri and 4 
eyes; segments completely or nearly covered by elytra: 
2 New England species. 

H. imbricata (L.). Color variable, grayish or brownish, sometimes 
with a black dorsal stripe; 42 to 44 segments; 2 to 3 cm. long: Long 
Island to Greenland; from low- water mark to 60 fathoms; Europe; 
North Pacific. 

H. aculeata Andrews (Fig. 455). Surface covered with spines; 34 

segments; length up to 2 cm.: the com- 
monest scale annelid at Beaufort, N. C; 
under stones, etc., in shallow water. 

4. Pholoe Johnston. Body with 
less than 70 segments and with numer- 
ous pairs of elytra which alternate with 
the dorsal cirri anteriorly but occur on 
every segment posteriorly; 2 pairs eyes; 
2 short peristomial cirri; 1 tentacle: 
several species, 1 in New England. 

P. minuta (Fabricius) (Fig. 456). 

Number of segments in adult about 68; 

number of pairs of elytra 44; length 

2 cm.: Cape Cod, and northwards; in shallow water; Europe; North 

Pacific. 

5. Sthehelais Kinberg. Elongated worms with numerous seg- 
ments (over 100) and but 1 tentacle; 2 pairs eyes; elytra very numer- 
ous, alternating with dorsal cirri anteriorly but on every segment pos- 
teriorly: many species, 2 in the Woods Hole region. 




Fig. 455 



Fig. 456 



Fig. 455 — Harmothoe* aculeata — 
head with extended proboscis (An- 
drews), l.proboscis; 2, palp; 3, 
tentacles ; 4, peristomial cirri ; 5, 
prostomium. Fig. 456 — Pholoe 
minuta (Leunls). 
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S. leidyi Quatrefages (S. picta Verrill). More than 150 pairs of 
elytra present ; color grayish with a mid-dorsal stripe ; head brown with 
a central red spot and a white spot on each side; length 15 cm.; width 
4 mm.: North Carolina to Massachusetts Bay, in shallow water. 

Family 2. PHYLLODOCIDAE. (Fio. 452, E.) 

Elongated, active polych©ts with broad, leaf-like dorsal and ventral 
cirri which do not cover the back; prostomium with 4 or 5 short ten- 
tacles and 2 or 4 eyes; peristomium with usually 4 long cirri on each 
side; proboscis with longitudinal rows of prominent papillae: about a 
dozen genera with numerous species. 

Key to the genera of Phyllodocidae here described : 

<*! Four pairs of peristomial cirri present. 

b t Four tentacles 1. Phyllodoce 

6, Five tentacles 2. Eulalia 

a, Two pairs of peristomial cirri 3. Etbone 

1. Phyllodoce Savigny. Body long, slender, and flattened, with 4 
tentacles on the prostomium, and often a pair of rudimentary parapodia 
on the peristomium together with the cirri: about 60 species, 7 in New 
England. 

P. gronlandica Oersted. Color green or yellowish with irregular 
brown markings; usual length 10 to 15 cm.: New Jersey to Greenland, 
from low-water mark to 50 fathoms. 

P. catennla Verrill. Color pale green with longitudinal rows of 
brown spots on the back; prostomium longer than broad, with a pair of 
large brown eyes; tentacles short; peristomial cirri very long; length 
up to 7 cm. ; width 1.5 mm. : Rhode Island to Bay of Fundy and north- 
wards, from low-water mark to 50 fathoms; common. 

2. Eulalia Oersted. Body slender and flattened, with 5 tentacles 
on the prostomium and 4 pairs of peristomial cirri: 7 species in New 
England. 

E. pistada Verrill. Color bright yellowish-green; body slender; 
tentacles short; peristomial cirri long; length 4 cm.; width 1.5 mm.: 
Long Island Sound to Maine, in 4 to 12 fathoms, among hydroids, etc. 

3. Eteoke Oersted. Body slender, flattened with 4 tentacles and 
2 pairs of cirri on somite 2 which is fused with the peristomium: 4 
species in New England. 

E. alba Webster. Color white; length 40 mm.: on mussel beds; 
New Jersey to Cape Cod. 

Family 3. SYLLIDAE. (Fio. 452, B.) 

Elongated worms, mostly under an inch in length, with usually very 
long slender dorsal cirri, which may be flattened; prostomium with 3 
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tentacles, 2 palps, and 4 eyes; peristomium with 2 cirri on each side; 
reproduction normally by asexual budding: numerous species; abundant 
in clean, shallow water among hydroids, mussels, and tunicates. 
Key to the genera of Syllidae here described: 

a, Palps prominent; ventral cirri present; tentacles and cirri segmented. 

1. Stllis 
a, Palps rudimentary; ventral cirri absent; tentacles and cirri filiform. 

2. AUTOLTTUS 

1. Stllis Savigny. Tentacles and cirri segmented, the latter often 
terminally dilated; palps large; new individuals /formed by terminal, 
and in case of Syllis ramosa, lateral budding: numerous 

species, 2 in the Woods Hole region. 

S. pallida Verrill. Body slender, tapering at both 
ends, 15 to 25 mm. long; color white: 
Long Island Sound to Bay of Fundy; in 
mud, sand, and on shells, from low-water 
mark to 30 fathoms. 

2. Autolyttts* Grube. Tentacles and 
cirri not segmented; palps rudimentary 
or absent; ventral cirri wanting; the 
young individual acquires a head before 
separating from the parent, and a num- 
ber may be present in a row; males and 
females differ in appearance: numerous ft ?$ 
species, 6 in the Woods Hole region. 

A. cornutus A. Agassiz. Length 15 
mm. ; color pinkish ; full-grown male hav- 
ing 30 segments, female 40 to 50 seg- 
ments: New Jersey to Bay of Fundy, 
from low- water mark to 15 fathoms; 
common. 

A. varians Verrill (Fig. 457) . Length 
15 mm.; intestine with bright-red spots which can be seen through the 
body wall: North Carolina to Maine, often among hydroids. 




Fig. 457 



Fig. 458 



Fig. 457 — Autolptua varians 
(Menscb). 1, tentacles; 2, peri- 
stomial cirri ; 3, budding individ- 
uals. Fig. 458 — Podarke obscura 
(Verrill). 



Family 4. HESIONIDAE. 

Body rather short and often cylindrical; parapodia usually unira- 
mous and with long, jointed dorsal setae; 4 eyes, 2 or 3 tentacles, and 
2 palps on the prostomium; peristomium with long cirri: species not 
numerous. 

• Bee "AntolytUB," by P, C, Men&ch, Jour. Morpb., Vol. 1«, p. 260, 1000. 
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Poda&xe Ehlers. Six pairs of long cirri on the peristomium and 
first two somites: several species. 

P. obscura Verrill (Fig. 458). Color variable, usually brown or 
blackish, sometimes with transverse bands; length up to 4 cm.; width, 
including setae, 3 mm.: Gulf of Mexico to Cape Cod; on eel grass and 
under stones; abundant. 

Family 5. NEREIDAE. (Fto. 459.) 




Fig. 459 — Head of a 
nereid. 1, prostomium ; 
2, tentacles ; 3, palp ; 4, 
peristomial cirri; 5, 
peristomium. 



Elongated polychaets with 2 small tentacles, 2 palps, 4 eyes on 
the prostomium, and 4 pairs of peristomial cirri; proboscis with 2 
large jaws: parapodia well developed: several 
genera. 

Nereis L. Clam worms. Body elongate and 
flattened; in some species during the sexual 
period the hinder part (epitoke) of the animal 
with the sexual products differs from the forward 
part (atoke) in appearance and the animal is 
called a heteronereis : numerous species, 7 in the 
Woods Hole region. 
N. virens Sars. Large worms, flesh-colored, with a 
greenish sheen; jaws black; dorsal division of notopo- 
dium foliaceous; length up to 30 cm. or more; width 
1 cm.: common from Long Island Sound to Labrador, 
buried in the sand near the low- water mark; breeding 
season spring; Europe. 

N. limbata Ehlers (Fig. 460). Color brownish; 
jaws light amber-colored; dorsal division of notopodium 
foliaceous; length up to 15 cm.: Maine to South 
Carolina; in the sand from high-water mark to 5 fath- 
oms; abundant south of Cape Cod. 

N. pelagica L. Color reddish-brown; body widest 
in the middle; dorsal division of notopodium conical; 
length up to 20 cm.; width 8 mm.: Virginia to Green- 
land; on hard bottoms from low- water mark to 100 
fathoms; Europe; North Pacific. 

N. limnicola* Johnston. Color reddish-brown; length 47 mm.; 
width 3 mm.; eyes large and conspicuous: in fine sand in Lake Merced 
(fresh water) near San Franciseo. 




Fiff. 460 

Nereis Hmbata — 

anterior end 

with extended 

proboscis 

(Verrill). 

1, proboscis 

2, jaws. 



• See "Fresb-water Nereids from the Pacific Coast and Hawaii/' etc^ by H. P % 
Johnston, Mark Ann. Vol., p. 205, 1903. 
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Family 6. NEPHTHYDIDAE. 

Elongated polychaets with flattened dorsal and ventral surfaces, 
giving a quadrangular cross section; prostomium with 4 small tentacles, 
the ventral pair being modified palps ; peristomium with parapodia bear- 
ing setae and a pair of short cirri; proboscis very large with long fleshy 
projections in front; the two lobes of the parapodia widely separate: 
few genera and species. 

Nephtuts Cuvier (Fig. 452, C). Characters as given above: nu- 
merous species, 4 in the Woods Hole region. 

K. indM Malmgren (N. ingens Stimpson). Proboscis with large 
dorsal and small ventral papillae; length 13 cm.; color white: Long 
Island Sound to Bay of Fundy and northwards, from below low-water 
mark to 60 fathoms, on muddy bottoms; Europe; common. 

K. bucera Ehlers (N. picta Ehl.). Body slender with over 100 seg- 
ments; setae very long, often exceeding in length the diameter of the 
body; forward tentacles longer than half the width of head; length 20 
cm.; width 5 mm.: South Carolina to Massachusetts Bay, in shallow 
water in sand, and among rocks. 

Family 7. LEODICIDAE. 

Elongated polychsts with a complicated jaw apparatus in the pro- 
boscis; the cirri of the anterior parapodia form branching gills in most 
species; prostomium either with 3 to 5 tentacles and a pair of palps or 
without cephalic appendages; usually a permanent parchment-like tube 
formed: about 30 genera with several hundred species. 

Key to the genera of Leodicidae here described: 

a, Gills present 
b x Peristomium consisting of 1 segment and with cirri ; gills branched. 

2. Diopatba 
6, Peristomium consisting of 2 segments. 

c, Gills branched 1. Lbodicb 

c, Gills simple 3. Mabphysa 

a, Gills absent. 
&i Head without appendages. 

c, Eyes absent 4. Luxbbinebeis 

c, Four eyes in a transverse row 5. Arabella 

b 9 Head with appendages 6. Staubonebeis 

1. IiEODXOE Savigny (Eunice Cuvier) (Fig. 452, D). Body elongate 
with numerous segments; peristomium consists of 2 segments with 1 pair 
of cirri ; 5 tentacles and 2 large palps present ; gills begin usually on sixth 
segment: species very numerous, 2 in the Woods Hole region, in rather 
deep water. To this genus belong the largest known polwJWs, the larg- 
est species having a length of 1 m. and more. 
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Fig. 461 — Leodice fucata 
(Mayer). A, entire worm; 
B, head end. 1, tentacles; 
2, palp ; 3, peristomium ; 4, 
peristomial cirri ; 5, gills. 



L. fucata* Ehlers. Atlantic palolo worm (Fig. 461). Length up to 
35 cm., the atokal portion being about two-thirds the whole; color 
brownish or yellowish: West Indies and Gulf of Mexico; living in coral 
rock and swarming within 3 days of the full of the July moon. 

2. Diopatka Ehlers. Peristomium with 

1 pair of cirri; 5 tentacles in a transverse 
curved line and 2 small palps present; gills 
beginning several segments back from the 
head: many species, 1 in New England. 

D. cuprea (Bosc) (Fig. 462). Large 
worms up to 30 cm. long and 10 mm. wide 
which live in parchment-like tubes extending 

2 or 3 feet in the sand, the upper 2 or 3 inches 
of the tube projecting into the water and 
thickly covered with shells, etc.: common in 
shallow water and between tide lines; from 
South Carolina to Cape Cod. 

3. Marfhysa Quatrefages. Peristomium 
consists of 2 segments, and is without cirri; 
5 tentacles in a transverse row, 2 small palps 

and 2 eyes present; gills begin about the 20th segment but are variable 
in this respect: 1 species at Woods Hole. 

M. leidyi Quatr. (M. sanguinea Leidy) (Fig. 463). Length 20 cm.; 
color yellowish or brownish-red; tubes not so perfect as those of pre- 
ceding worms: under stones and in the sand in shallow water; from 
North Carolina to Vineyard Sound. \ 

4. Lttkbrineeeis Blainville (Lum- 
briconereis Ehlers). Head conical, without 
appendages or eyes ; peristomium consist- 
ing of 2 segments; dorsal cirri flat, and 
parapodia small: many species, 5 at 
Woods Hole. 

L. tenuis (Verrill). Body filiform 
up to 30 cm. long, with the diameter of 
a coarse thread, bright red in color: Vir- 
ginia to Massachusetts; burrowing in 
mud and under stones. 

5. Arabella Grube. Similar to 
Lumb riner eis but with usually 4 eyes in a transverse row on the 
prostomium: several species, 2 in the Woods Hole region. 

• See "The Annual Breeding-Swarm of the Atlantic Palolo," by A. O. Mayer. 
Carnegie Inst., Wash., Pnb. 102, 1908. 




Fig. 462 



Fig. 463 



Fig. 462 — Diopaira cuprea — ven- 
tral view of anterior end (Verrill). 



2, perlstomial cirrus. 
rphys 
riorend (Verrill). 



1, tentacles : « 
Fig. 463— Mar 



hy*a leidyi — ante- 
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A. opalina (Yerrill) (Fig. 464). Body cylindrical, largest in the 
middle, reddish or yellowish in color, up to 40 cm. long, and 3 mm. wide : 
North Carolina to Maine; burrowing in muddy sand; common; West 
Indies. 

6. Statoove&exs Yerrill. Prostomium small and 
quadrangular with 2 tentacles and 2 palps; gills not 
present, the dorsal cirri being long and slender: several 
species, 1 in the Woods Hole region. 

S. pallidus Verr. Two pairs of eyes present; color 
pale yellow; length 5 cm.; width .7 mm.: Virginia to Cape 
Cod ; in the sand at low-water mark. 

Family 8. GLTCEBIDAE. 



I 



:=; 



Fig. 464 

Arabella 

opalina — 

anterior end 

(Verrill). 



Elongated cylindrical worms with usually small para- 
podia, and an annulated prostomium which bears 4 small 
tentacles and 2 rudimentary palps; proboscis very large and long, with 
4 teeth; special retractile gills present either on the body wall or the 
parapodia: about 5 genera; the worms live in cylindrical passages in the 
sand, which they make with the proboscis. 

Key to the genera of Glyceridae here described : 

a\ Parapodia of same structure throughout 1. Gltceba 

o, Parapodia with 1 lobe on anterior third of body and 2 

lobes on posterior portions 2. Goniada 

1. Oltoeba Savigny. Parapodia of the same struc- 
ture throughout: several species, 3 at Woods Hole. 

O. dibranchiata Ehlers (Fig. 465). Length 20 cm.; 
prostomium sharp and conical; both dorsal and ventral 
gills large, simple, and flat : from North 
Carolina to Bay of Fundy and north- 
wards; in shallow water, burrowing 
very rapidly in sand and mud; often 
very common. 

G. americana Leidy (Fig. 466). 
Length 20 cm. ; width 4 mm. ; dorsal gills 
branched; ventral gills absent: from 
South Carolina to Cape Cod ; in shallow 
water; not so common as G. dibranchiata. 

2. GoiflADA Audouin and Edwards. Parapodia on the first third 
of the body with a single lobe, on hinder part with 2 lobes: several 
species, 2 in New England. 

O. maculate Oersted. Body slender with about 194 segments; the 
first 40 parapodia 1-lobed, the following 2-lobed; 2 principal teeth 2 




Fig. 465 — Glycero 
dibranchiata — an- 
terior end (Verrill). 
1, prostomium. 



Qlyo 
americi 



leera 



anterior end 

with proboscis 

extended 

(Verrill). 
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length 10 cm. : Maine coast, from low-water mark to 30 fathoms, in rock 
and sand; Europe. 

Family 9. ABICIIDAE. 

Usually cylindrical worms with short knob-like tentacles and palps, 
or none at all, and with filiform gills which are more or less dorsal in 
position: the worm forms a tube by cementing the sand around its 
burrow, the position of which can be detected by a mound at the opening; 
species not numerous. 

1. Abzoia Savigny. Body short and composed of many small seg- 
ments; tentacles and peristomial cirri absent; ventral cirri fimbriate or 
pectinate: several species, 1 at Woods Hole. 

A, ornata Yerrill. Body stout and somewhat flattened; gills flat- 
tened, lanceolate, and begin on the sixth segment; length up to 26 cm.; 
width 7 mm.: North Carolina to Cape Cod; in shallow water. 

2. Sooloplos Blainville. Body usually elongate and fragile, with- 
out tentacles or peristomial cirri; proboscis lobulate: several species, 
3 at Woods Hole. 

S. robustus (Yerrill). Large worms 30 cm. long and 7 mm. wide, 
with an acute head and small anterior parapodia; elongate gills begin 
on segment 26; proboscis divided into about 18 long slender lobes; color 
yellowish-brown : in shallow water, from North Carolina to Cape Cod. 

S. fragilis (Verr.). Body 12 cm. long, 3 mm. wide; head acute, with 
a 6-lobed proboscis; the gills begin to appear in segment 16; color yel- 
lowish: between tide lines; from North Carolina to Maine. 

Suborder 2. SPIONIFORMIA. 

Neither tentacles nor palps present; 1 pair of long peristomial cirri 
usually present; parapodia small, the dorsal cirri often large and form- 
ing gills; proboscis without jaws; worms burrowing or tubicolous: 2 
families. 

Family 1. SPIONIDAE. 

Small burrowing worms with a pair of long peristomial cirri which 
usually curve over the back; dorsal cirri acting as gills; proboscis pres- 
ent, but unarmed; body divided into 2 regions: in tubes in the sand, or 
burrowing in wood or shells; species not numerous. 

Key to the genera of Spionidae here described. 

<*! Segment 5 not enlarged. 

b t Gills on hinder half of body 1. 8PIO 

6, Gills absent on hinder half of body 2. Laohicb 

o, Fifth segment different from the Others. 3. Poltdob* 
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1. Spio Fabricius. Segments alike throughout; head with a promi- 
nent median lobe which may be truncated or divided in front; 4 eyes; 
gills on all the segments: several species, 2 at Woods Hole. 

8. setosa Verrill (Fig. 467). Body long, flattened above and rounded 
below; parapodia 2-lobed; color green; gills and cirri red; length 8 cm.; 
width 2.5 mm. : Long Island and Vineyard Sounds; at low- 
water mark. 

2. Laoyioe Malmgren. Segments alike throughout; 
prostomium with 2 or 4 eyes, very broad in front; gills 
absent from hinder half at least of body : several species, 
2 at Woods Hole. Pig. 467 

L. (Scolecolepis Blainville) viridia (Verrill). Body ^ewV 

flattened; color olive green or brownish; length 10 cm.; "(verrtif)"* 

breadth 3 mm.: Long Island and Vineyard Sounds; near 1,p ^° B ? lial 
low-water mark; often common. 

3. Poltdoba Bosc. Fifth segment different from the others, being 
much longer and with characteristic setae: many species, 7 at Woods 
Hole. 

P. concharum Verrill. Body long and slender, being 14 cm. long 
and 1.5 mm. wide, with 200 segments; color grayish or yellowish: very 
common from Cape Cod to Nova Scotia; in 10 to 100 fathoms, often 
borrowing in shells. 

Family 2. CRffiTOPTEBIDAE. 

Worms living in U-shaped parchment-like tubes up to 50 cm. long, 
buried in the sand and mud ; 3 distinct regions in the body ; no tentacles 
or palps present and but 1 pair of peristomial cirri which tend to project 
backwards; proboscis wanting: few genera and species. 

Ohjctoftxbttb Cuvier. Parapodia simple, consisting of large, ex- 
panded notopodia in the anterior body region, but may be biramous in 
the other two regions: 15 species, 1 at Woods Hole. 

0. pergamentaceus Cuv. Body short and stout; anterior region 
much flattened; middle region composed of 1 segment with large wing- 
like parapodia and 4 swollen segments; body walls very thin, intestine 
and genital products showing through; highly phosphorescent; length 
15 cm.: North Carolina to Cape Cod; Europe. 

Subobdkr 3. TEREBELLIFORMLL 

Prostomium a prominent lobe with or without tentacular filaments 
which represent the tentacles and without palps; peristomium with or 
without cirri; parapodia weak, without ventral cirri, the dorsal cirri 



Digitized by 



Google 



294 ANNELIDA 

sometimes acting as gills on the anterior or all segments; no proboscis or 

jaws present: 4 families; worms burrowing or tubicolous. 

Key to the families of Terebelliformia: 

Ox Head without appendages 1. ClBRATULlDA* 

Os Head with long tentacular filaments. 
bx Tentacular filaments very long. 

Ox No setae on head 2. Tebebellidak 

c, A bundle of setae on each side of head 3. Amphabetidae 

b t Tentacular filaments short 4. Amphictenidae 

Family 1. CIBBATULIDAE. 

Small and medium-sized cylindrical worms which are usually found 
in burrows or under stones; head distinct but without appendages or 
proboscis; parapodia rudimentary, but dorsal cirri very long and fila- 
mentous and acting as gills: sev- 
v \ i f eral genera. 

/ ^^Hk^i^^ Oibbattjlttb Lamarck. Head 

—^ht P$jM ^t'ffi$^Jm f& conical; cirri very long and slen- 

d^^K&jHHflB J&rK f ^er, a P a ^* °* ^ em being present 

•JL y-*&\ iTWgj l-I on almost every segment ; a trans- 

P/^fZ* ^^^»I^3^K^^I ' 'y* verse row of long branchial fila- 
/ / ' y^^^^^l ^jS?**^f ' / ments on one of the anterior seg- 
''\^^^^&fSS^^K^^^^ 4 ) ments : many species, 4 at Woods 

^^|^Lm^^^^ 0. drratus (0. P. Miiller). 

^y liy^^^ ^HiiiiE ?^ ^ *p/ Head consists of a prostomium 

^\ s ^M*|TiYiiiil^ B ^ ^ and a peristomial segment; a row 

^ j ^S&) ** of eyes on the prostomium ; length 

8 cm.; width 4 mm.: coast of 
Pig. 468 — Cirratulus grandis (Venill). .., . . , , 

l, dorsal cirri. Maine; m tubes under stones; 

Europe. 

0. grandis Verrill (Fig. 468). No eyes present; first 3 segments 

without cirri; color yellowish-green; length 15 cm.; width 6 mm.; length 

of longest cirri 6 to 10 cm.: Virginia to Cape Cod; in sand and gravel, 

in shallow water; common. 



Family 2. TEREBELLIDAE. 

Long and often thick worms living in burrows or tubes; head with 
a prominent horseshoe-shaped preoral lobe whose anterior margin is 
refiexed, behind which is a transverse ridge bearing large numbers of 
long tentacular filaments which act as gills; behind these are usually 
1 to 3 pairs of branching gills belonging to the anterior segments ; para- 
podia reduced; both capilliform and hooked setae: numerous species. 
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Key to the genera of Terebellidae here described : 

«! Worms not filamentous ; branching gills present 

bt Three pairs of branching gills present. 

Cx Capilliform setae only on anterior somites 1. Amphitrite 

o, Capilliform setae also on posterior somites 4. Lepbjea 

o, Two pairs of branching gills. 

d Capilliform setae begin on segment 4 2. Pista 

Oa Capilliform setae begin on segment 3 5. Thelepus 

5, But 1 gill, which has 4 branches 3. Terebellides 

o, Worms filamentous and blood red ; no branching gills. 

6j Parapodia simple 6. Poltoirbus 

b, Parapodia elongated and branched 7. Enoplobranchus 

1. Akphitbits O. F. Miiller. Body cylindrical, thickest towards 
the forward end ; 3 pairs of branching gills ; setae begin on the 4th seg- 
ment and confined to anterior part of body; no eyes: many species, 4 
in the Woods Hole region. 

A. ornata (Leidy) (Fig. 469). Color pinkish; length up to 30 cm., 
with about 40 setigerous segments; tentacular filaments very long, nu- 
merous, and contractile: North Carolina to » 
Cape Cod, at low-water mark; common, living i ^ 
in firm tubes which are sometimes cast up on 
the beach. 

A, brunnea (Stimpson). Color dark red- 
dish-brown; segments about 100, 25 of which 
have setae; each gill with 7 to 12 branches; 
length up to 18 cm.: north of Cape Cod at 
low-water mark, in deeper water towards the 
south. 

2. Pibta Malmgren. Two pairs of branch- 
ing gills; setae begin on the 4th segment and 
extend to the 20th; no eyes; first 3 somites 
with large ventral and lateral wings : 3 species 

in the Woods Hole region. AmpMtnul^ta (Verriii). 

P. palmata (Verrill). Body rather slen- *. tentacajarjaiaments 
der, with 17 setigerous segments ; color reddish- 
brown; length 7 cm.; width 2 mm.; animal constructs tubes of bits of 
shell, etc.: Long Island and Vineyard Sounds. 

3. Te&ebellides Sars. Two pairs of gills present which are 
large and form 4 wide, comb-like branches on a single peduncle; ten- 
tacular filaments numerous (over 100) : 1 species in the Woods Hole 
region. 

T. strcBmi Sars. Body with about 60 segments and reddish in color; 
length 7 cm.; width 5 mm.: Vineyard Sound to Bay of Fundy; in 10 
to 250 fathoms; Europe. 
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4. Lkpejka Malmgren. Three pairs of branching gills; setae begin 
on 4th segment and extend the length of the body: several species, 1 in 
the Woods Hole region. 

L. rubra Verrill. Body elongate, swollen anteriorly; color bright 
red; length 5 cm.; width 3 mm.: North Carolina to Vineyard Sound; 
in tubes on shells, etc., below low-water mark. 

6. Tkelefus Leuckart. Two pairs of branching gills; setae begin 
on the 3rd segment and continue nearly or quite to the hinder end; eyes 
numerous: 1 species in the Woods Hole region. 

T. cindnnatus (Fabricius). Setae extend almost to the hinder end 
of the body; eyes present; length up to 12 cm.; color yellowish or red- 
dish: coast of Maine to Vineyard Sound; in tubes often covered with 
shells; Europe. 

6. PoLYCimBxrs Orube. Blood worms. Very long, slender worms 
with bright-red blood; no branching gills: several species, 2 in the Woods 
Hole region. 

P. eximius (Leidy). Body bright red with about 100 segments, of 
which 25 bear setae: North Carolina to Cape Cod; in sand and mud in 
shallow water; very common. 

P. phosphorous Verrill. Brilliantly phosphorescent worms when 
disturbed; length 8 cm.; first 24 segments bear setae: Long Island 
Sound to Bay of Fundy. 

7. Ehoplobravchto Verrill. Blood worms. Body flattened; setae 
extending to the hinder end of the body; with branched parapodia in 
the middle division : 1 species. 

E. sanguineus (Verr.). Body very long and slender; branched para- 
podia begin on segment 12; color bright red; length 35 cm.; width 7 
mm.: Virginia to Gulf of St. Lawrence; common at low-water mark; in 
mud and sand. 

Family 3. AMPHARETIDAE. 

Similar to the previous family; a bundle of setae present on each 
side of the head in front of the gills; tentacular filaments small and not 
numerous; no branched gills, but 4 pairs of filamentous ones present: 
several genera. 

Axphabete Malmgren. Tentacular filaments few in number; 
gills on 3rd and 4th segments: numerous species, 2 in Woods Hole 
region. 

A. setosa Verrill. Body thick anteriorly, tapering backwards; 40 
tentacular filaments; color light green or red; length 20 mm.; width 3 
mm.: Long Island and Vineyard Sounds; in rough tubes in shallow 
water. 
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Family 4. AMPHICTENIDAE. 

Small worms which form tubes of sand open at both ends which 
can be carried about by their occupants; the prostomium bears short 
filamentous tentacles which are protected by long yellow setae; hinder 
end of the worm without parapodia and folded on the forward part: 
several genera and few species. 

PiornrAUA Malmgren. Characters as given above : several species, 
2 in the Woods Hole region. 

P. gouldi (Venill) (Fig. 470). Body flesh-color, mot- 
tled; length 4 cm.; width 7 mm.: North Carolina to Maine; 
in shallow water. 




Fig. 470 — Pectinaria gouldi 
(Verrlll). A, the worm ; B, its 
tube. 



Suborder 4. CAPITELLIFORMIA. 

Head pointed and not distinctly set off, 
without tentacles or palps but with a pair of 
ciliated, retractile, tentacle-like organs; para- 
podia rudimentary, with sessile capilliform 
setae on the anterior and sessile hook-like 
ones on the posterior segments; proboscis 
without jaws : 1 family. 

Family CAPITELLIDAE. 

With the characters of the suborder: 
several genera. 

1. N0T0MA8TTJ8 Sars. Prostomium con- 
ical, without eyes; body composed of 2 por- 
tions, a forward thicker part (thorax) consisting of about 12 biannu- 
lated segments, and a long hinder portion: several species, 3 in Woods 
Hole region. 

N. luriduj Verrill. Long, cylindrical worms, 15 cm. long, 2 mm. 
thick; color dark brown: Long Island Sound to Maine; at low-water 
mark in tubes in muddy sand. 

N. filifonnifl Verr. Body filiform, 10 cm. long, 1 mm. thick; color 
pale red, often mottled with whitish : Long Island and Vineyard Sounds ; 
at low-water mark. 

2. Oapztzlla Blainville. Large genital setae on 8th and 9th seg- 
ments; thorax consisting of 9 segments; only the middle portion of the 
body with setae: several species, 1 in Woods Hole region. 

0. gracilis (Verrill). Length 5 cm.; color red; head trian- 
gular: Cape Cod to Bay of Fundy; in tubes in the mud in shallow 
water. 
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Suborder 5. SCOLECIFORMIA. 

Head without appendages (except in the Chlorhamidae) ; parapodia 
poorly developed or absent; proboscis present but unarmed: 6 families. 
Key to the families of Scoleciformia here described: 

Oj Head without appendages. 
&i Segmentation equivalent ; body not made up of different regions. 

1. Ophetjidae 
6, Segmentation not equivalent ; body made up of 2 or 3 more or less dis- 
tinct regions. 

Cx Worms slender and without gills 2. Maloanidab 

c, Worms thick, with branching gills on the middle segments . .3. Abenioolidab 
c, Head with appendages 4. Chlorbjbmtoae 

Family 1. OPHELIIDAE. 

Small burrowing worms which occur in shallow water; head with- 
out appendages but with a proboscis; parapodia rudimentary, the dorsal 
cirri of which are elongate and act as gills: about 6 genera. 

Akxotbtpake Rathke. Head conical and acute; 
ventral side flattened: 1 species at Woods Hole. 

A. fimbriata Verrill (Fig. 471). Body elongate, being 
thickest in advance of the middle and tapering to both 
ends; color purplish; length 7.5 cm.; width 3 mm.: Vine- 
yard Sound to Maine; in shallow water. 

Family 2. MALDANEDAE. 

Slender, cylindrical worms which live in sand tubes; 

Fig. 471 head formed of the fused prostomium and peristomium 

fimbriata and usually obliquely truncated by a cephalic plate and 

without appendages; parapodia rudimentary, with setae 

but without gills; hinder end funnel-shaped, usually with frilled edges: 

7 genera. 

Key to the genera of Maldanidae here described : 

Ox Anus dorsal to caudal funnel 1. Maldanb 

g, Anus in center of caudal funnel. 

5, Anal funnel without cirri 2. Clymenella 

6, Anal funnel with cirri 3. Nioomachs 

1. Maloake Grube. Body elongate, truncated at both ends, most 
of the segments being biannulated; anus dorsal: numerous species, 
several in the Woods Hole region. 

M. urceolata (Leidy) (M. elongata Verrill). Body elongate with 19 
setigerous segments, the middle ones being much elongated ; color reddish- 
brown; length 30 cm.; width 5 mm.: in sandy mud at low-water mark; 
North Carolina to Cape Cod. 
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2. Olyxenzlla Verrill. Body with 18 or more setigerous segments 
and with obliquely truncated head : several species, 2 in the Woods Hole 
region. 

0. torquata (Leidy) (Fig. 472). Body with 
a membranous collar arising near the middle of 
the 4th setigerous segment; 22 segments, 18 with 
setae; color reddish; length 10 cm.: North Caro- 
lina to Bay of Fundy; in sand from low-water 
mark to 60 fathoms. 

S. Kiooxaohe Malmgren. Funnel-shaped ter- 
minal segment with marginal cirri; head without 
truncating plate; prostomium sharply bent down- 
wards: several species. 

N. lumbricalis (Fabricius). Body slender and 
fragile, consisting of 26 segments; color pink; 
length 7 cm.: Cape Cod and northwards; Europe. 



Pig. 472 — Clymenella 
torquata (Leidy). 

A, entire worm 

B, binder end. 



Fig. 473 
Arenicola 

marina 

(Cambridge 

Natural 

History). 



Family 3. ARENICOLIDAE. 

Elongated worms which burrow deep in the sand; 
head without appendages, with an unarmed proboscis; 
peris tomium with a pair of lithocysts; parapodia rudi- 
mentary, with branching gills above them in the middle 
of the body: 1 genus. 

Abehicola Lamarck. Anterior end blunt, the pro- 
stomium and peristomium being fused together; body 
cylindrical, thickest at the forward end: few species, 2 
in the Woods Hole region. 

A. marina (L.) (Fig. 473). Segmentation indistinct, 
the skin being annulated; about 21 setigerous segments 
present, of which 8 compose the anterior and 13 the 
middle region, but only 4 dissepiments and 6 pairs of 
nephridia; length up to 20 cm.; diameter 8 mm.: Long 
Island Sound northwards; in deep burrows in the sand; 
rare south of Cape Cod; Europe. 

A. cristata Stimpson. Head very small; middle 
branchiate region with 11 pairs of gills; color greenish- 
yellow; length 35 cm. or more: Florida to Cape Cod. 



Family 4. CHLOBH-EMIDAE. (Flo. 452, F.) 

Rather small worms which live in burrows and under stones; body 
not divided into regions ; whole head retractile and with a circle of 3 to 
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20 pairs of green, short tentacular filaments which act as gills; palps 
large; proboscis unarmed; blood green; setae of the anterior segments 
often very long and projecting directly forwards: 6 genera. 

1. Tbophohza Milne-Edwards. Anterior setae pro- 
longed, enclosing the head: 2 species in the Woods Hole 
region. 

T. affinis (Leidy) (Fig. 474). Body slender and 
elongate; 8 tentacular filaments on head, which are blunt 
and of unequal length; length 6 cm.; width 3.5 mm.: 
Vineyard Sound and New Jersey; in 20 fathoms. 

Suborder 6. SABELLIFORMIA.+ 

Fig. 474 

^Stnto* 1 * Prostomium more or less hidden by the forward 

a (Verruf) nd extension of the peristomium which usually forms a 

projecting collar; tentacles rudimentary or very small; 

palps very large, forming the branchial crown; proboscis present; body 

consisting of 2 regions, a thorax of about 9 segments, and an abdomen; 

worms tubicolous: 4 families. 

Key to the families of Sabelliformia here described : 

Ox Tubes membranous. 1. Sabellida* 

o, Tubes calcareous. 2. Sebfuudax 

Family 1. SABELLIDAE. 

Worms which live in membranous tubes in mud and sand; arising 
from the prostomium is a pair of large semi-circular feathered gills rep- 
resenting the palps, which may be surrounded by a collar formed of the 
peristomium; tentacles rudimentary or hidden; parapodia very rudi- 
mentary: many genera. 

Key to the genera of Sabellidae here described : 

o, Perifltomial collar present. 

6 t Collar lobes separated doreally 1. Sabclla 

6, Collar lobes meeting doreally 2. Potamuxa 

o, Collar absent. 

b x Worms live in gelatinous masses ; no eyes 3. Mtxioola 

6 a Worms live in distinct tubes ; eyes present 

o x Worms in fresh water 4. Manatunkia 

c, Worms marine 5. Fabhcia 

1. Sabella Malmgren. Gill filaments long and slender; peristo- 
mium raised and reflexed to form a collar around the gills which is 
notched doreally: many species. 

• See "Tubicolous Annelids of the Tribes Sabellldes and Serpnlides from th« 
Pacific Ocean," by K. J. Bosh, Harrlman Alaska Exp., Vol. 12, 1910. 
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8. microphthalma Verrill. Body short, composed of about 60 seg- 
ments; anterior region composed of 8 setigerous segments; gill filaments 
with minute eye spots; color greenish-yellow; length 5 cm.; diameter 

3 mm. : North Carolina to Cape Cod ; at low-water mark, often incrusted 
on oyster shells, etc. 

2. Potamlla Malmgren. About 12 to 30 gill filaments on each 
side, some of which have eyes at the base; 
peristomial collar without a dorsal notch: 
several species. 

P. oculifera (Leidy) (P. reniformia 
Malm.). Length 8 cm.; color greenish or 
reddish-brown: New Jersey to Bay of 
Fundy; on shells in tide pools; Europe. 

3. Myxioola Koch. Body thick; hinder 
region with numerous hooks in transverse 
rows; gill filaments united by a mem- 
branous web; without eyes on head; eye 
spots on terminal segment; 2 small ten- 
tacles: worms live in gelatinous masses 
attached to shells, etc., in which each worm 
has a separate tube; several species. 

M. gteenstrupi (Krbyer). Body thick, 
with about 60 segments, of which 8 belong 
to the anterior body region; color pink; 
length 6 cm.; width 5 mm.: north of Cape 
Cod; Europe. 

4. Mavaytotxia Leidy. About 36 gill 
filaments with eyes at their bases; body 
composed of but few segments: 1 species; 
in fresh water. 

M. speciosa Leidy (Fig. 475). Body 

4 mm. long and consisting of 12 segments, 
and yellowish-brown in color: in tubes on 
stones in Schuylkill River, Philadelphia, also in Egg Harbor River, New 
Jersey, associated with Urnatella gracilis. 

6. Fabbzoia Blainville. But few gill filaments or tentacles; body 
composed of but few segments: few species, 1 in the Woods Hole 
region. 

F. leidyi VerrilL Body 3 mm. long and 2 mm. wide, consisting 
of 13 segments and yellowish-brown in color; 6 gill filaments: Long 
Island Sound to Bay of Fundy; in slender tubes, at and below low* 
water mark. 




Ft*. 475 
MonoyimUa tpeciosa (Leidy). 



Digitized by 



Google 



302 



ANNELIDA 



Family 2. SEBPULIDAB. (Flo. 476.) 

Worms which live in calcareous tubes; arising from the prostomium 
are a pair of large semicircular feathered gills which represent the 
palps; an operculum usually present, composed of the dorsal gill fila- 
ments; just beneath the gill filaments is the 
collar, a paired membrane employed in smoothing 
the inside of the shell: numerous genera and 
species. 

Key to the genera of SerpuUdae here described : 

Ox Tabes incmsted on shells, etc 1. Hydroides 

a, Tubes minute, spiral, usually on seaweed or shells. 

2. Spiborbis 
o, Tubes intertwining 3. Filogbjlna 

Fig. 476— Aeerpulid 




1. Hydroides Gunnerus. Small worms living 
ral History) 1 gills* "* * on £ contorte ^ tubes incrusted on shells, etc.; 



projecting from its 
tube (Cambridge Natu- 



2, operculum; 3, col- 
lar; 4, tube. 




Pig. 477 
Ides Aeeot 
argltt) on a shelL 



Hy&roide* hevagonu* 

(Ha " * * " 



funnel-shaped operculum present: several species, 

1 in Woods Hole region. 
H. hexagonus Bosc (H. dianthus Verrill) (Fig. 477). Color of gills 
variable, oftenest a purplish-brown; length 75 mm.; diameter 3 mm.: 
Florida to Cape Cod; very common. 

2. Spiborbis Daudin. A small worm living 
in a tube coiled usually in a flat spiral, which is 
incrusted on seaweeds, etc.; operculum present: 
many species, 6 in the Woods Hole region. 

8. spirorbis (L.) (S. borealis Daudin). Coiled 
tube 3 mm. across; length of animal 3 mm.; 9 
gill filaments present; color of gills greenish- 
white: Long Island Sound to Bay of Fundy and 
northwards. 

3. Fxlogbava Oken. Small worms living in slender white tubes 
which intertwine, forming masses 7 cm. high; 8 gill filaments present: 
1 species in Woods Hole region. 

F. implexa Berkeley. Body compressed, 4 mm. long; tubes very 
thin; color purple or pink: Maine to Vineyard Sound; Europe. 

Suborder 7. HEEMELLIFORMIA. 

Peristomium very much enlarged and forming a setigerous bilobed 
hood enclosing the prostomium, which bears a pair of tentacles and a 
pair of palps; the latter are fused with the ventral edges of the peristo- 
mium and project in the form of numerous gill filaments from the hood ; 
body composed of 2 regions, a thorax and a long tail-like abdomen which 
has no parapodia and folds back on the thorax : 1 family and few species. 
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Family HERMELLIDAE. 

With the characters of the suborder: 3 genera. 

Sabellakia Lamarck. With the characters of the suborder: sev- 
eral species, 1 at Woods Hole. 

8. vulgaris Verrill. Color yellowish or reddish ; length 3 cm. ; width 
2.5 mm.: North Carolina to Cape Cod; from low- water mark to 10 
fathoms; common in tubes of sand, also on shells. 



Order 2. OUGOOHJETA.* 



Mostly fresh-water or terrestrial, 
hermaphroditic annelids which are with- 
out parapodia and cephalic appendages 
(Fig. 478). The setae are few in num- 
ber and project from pits in the body 
wall; in the Discodrilidae and Anachceta 
they are wanting. Some oligochaets have 
external gills (a few naids and tubificids). 
The head is small and consists of the 
prostomium, which is a small projection 
in front of the mouth, and the peristo- 
mium. which contains the mouth and 





Fig. 478 
Fig. 478—Diag 



Fig. 479 
m of the an- 



of ten appears dorsally like the first somite 
of the trunk, but differs from the somites 
in that it has no setae. 

Paired ovaries and testes are pres- 
ent (Fig. 479) ; a number of large 
sperm sacs or vesiculae seminales act as 
reservoirs of the sperm, in which the 
sperm ripens as it comes from the testes, 
and one or more pairs of pockets called 
the receptacula seminis or spermathecae 
receive the sperm of another animal dur- 
ing the act of pairing. The eggs and sperm are extruded into a capsule 
called the cocoon which is secreted by a thickened portion of the integu- 
ment called the clitellum. Development is direct, the young animal being 
born with the form of the parent ; of the numerous eggs in a cocoon only 
a few, sometimes only one, hatch out. Many oligochaets reproduce asex- 
ually, by transverse division, and the regenerative powers of all are great. 

• See "A Monograph of the Order Oligochieta," by F. Beddard, 1893. "Notes on 
8pecies of North American Oligochaets," by F. Smith, Ball. 111. St. Lab., Vol. 4, p. 285, 
1896. "Notes on Species of N. A. Oligochaets, II,*' by same, same jour., Vol. 4 t p. 



agra: 
terior portion or an earthworm 
Lumbricus terrestris ( Sedgwick 
and Wilson). 1, prostomium ; 2, 
mouth ; 3, openings of the sper- 
mathecae ; 4, openings of the ovi- 
ducts; 5, openings of the sperm 
ducts; 6, clitellum. Fig. 479— 
Diagram of the anterior portion 
of an oligochaet (an enchytrsid), 
showing the internal organs with 
the digestive tract and the right- 
hand male organs and the left- 
hand female organs removed (Gal- 
loway). 1, prostomium ; 2, brain; 
8, mouth ; 4, ventral nerve chord; 
5, spermathecae; 6, nephridlum; 
7, testis: 8, clitellum; 9, sperm 
duct ; 10, ovary ; 11, sperm sac ; 
12, oviduct ; 13, egg sac 
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Oligochaets are poorly provided with special sense organs. Pig- 
ment eyes are present in certain naids; tactile cells and processes may 
be present but v tentacles never are. The forward part of the body of 
earthworms is especially sensitive to light and other stimuli. 

The terrestrial oligochaets are the earthworms. These familiar ani- 
mals are often of large size, the largest being six feet in length, and 
are found in temperate and tropical countries in all parts of the world. 
They are nocturnal animals which live in burrows in the soil and feed 
on decaying vegetation and the organic particles in the soil, which they 
pass in large quantities through the intestine. Darwin has estimated 
that an acre of ordinary ground will have about 63,000 earthworms 
which bring many tons of earth to the surface from a foot or two 
beneath. They are thus important agents in renewing the surface soil. 
The aquatic oligochaets live mostly at the bottom of fresh-water 
streams and ponds, although a few live in the sea, often in tubes of 
mud or sand, and eat aquatic vegetation. The order contains over 1,200 
species and about 11 families. 

Key to the families of Oligochata here described: 

Oj Worms microscopic 1. ^Eolosomatidae 

a, Worms not microscopic. 

Oj Parasitic worms with terminal sucker 2. Disooobujbae 

6, No sacker present 

Cx Worms very long and filiform 3. Haplotaxidab 

c, Worms not so formed. 

dt Worms usually very small and slender and mostly aquatic. 
d Reproduction mostly by serial budding, animal chains being formed. 

5. Naididae 
e% Such reproduction not present, or at least uncommon. 
f x Spermatheca far forward, usually opening in segment 4 or 5. 
/, Spermatheca farther back. 4 - Enchttb^ida* 

g x Setae usually more than 2 in a bundle and usually of more than 

one form 6. Tubxfictoae 

g % Setae paired and all of one form 7. Lumbbiculidab 

6^ Worms large and mostly terrestrial ; earthworms. 
ei Clitellum begins before segment 18 and contains the male pores. 
f x Male pores in hinder margin of clitellum or entirely behind it. 

8. Megasooucibab 

/, Male pores in forward portion of clitellum 9. Geosoolegibae 

«, Clitellum begins at or behind segment 18 ; male pores some distance 

in front of it 10. Lumbbigidae 

396, 1805. "Notes on Species,'* etc, by same, same Jour., Vol. 5, p. 441, 1900. "Notes 
on Species of N. A. Ollgocbeta, IV," by same, same jour., Vol. 5, p. 459, 1900. 
"Oligocheta," by W. Micbaelsen, Das Tierreich, 1900. "Researches in American 
Ollgocbeta," etc, by G. Bisen, Proc CaL Acad. 8d., 8d Ser., ZooL, Vol. 2, 1900. 
"Hirudinea and Ollgocbeta Collected in tbe Great Lake Region," by J. P. Moore, 
Bull. U. S. FiBta. Com., Vol. 25, p. 155, 1905. "Some Marine Oligocheta of New 
England," by J. P. Moore, Proc A. N. 8., Phlla., 1905, p. 373. "Die Susswasserfauna 
Deutscblands," Heft 13, "Ollgocbeta," by W. Micbaelsen, 1909. "The Common 
Freshwater Ollgocbeta of the United States," by T. W. Galloway, Trans. Am. Mlc 
Boc, VoL 30, p. 2S5, 1911. 
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Family 1. ^OLOSOMATIDAE. 

Microscopic fresh-water worms usually with brown, red, or yellow 
oil globules in integument, giving them a spotted appearance; no dis- 
sepiments present; setae in 4 bundles in each segment, of 1 to 6 setae 
each; clitellum only on ventral side on segments 
5 to 7; nervous system hypodermic; prostomium 
ciliated ventrally; the most primitive oligo- 
chsts, reproducing by division: 1 genus. 

JEoloboxa Ehrenberg. With the characters 
of the family: about 9 species, 5 in this *mMMT" mm 

country. 

A. qnateraarium Ehr. (Fig. 480) (A. venu- 
stum Leidy). Head of same width as body; 
setae sharply bent, those of the same bundle of 




the same length; the worm encysts itself; spots ^ io a0f ^ S g^emarium 
red; length 1 mm., with 7 to 10 segments: (Cam ^^$ y I )* taral 



among algae. 

A. hemprichi Ehr. Head broader than body; setae nearly straight; 

spots red or crimson; length 2 to 5 mm., with 4 to 13 segments: among 

algae. 

^ Family 2. DISCODRILIDAE. 

Small parasitic oligochaets which were formerly grouped with the 
Hirudinea, with a sucker at the hinder end of the body and without 
setae, which live on the gills or the outer surface of crayfish ; mouth with 
a dorsal and a ventral chitinous jaw; anus dorsal; 2 pairs of nephridia; 
1 or 2 pairs testes; single median genital pore in sixth segment: several 
genera. 

Key to the genera of Discodrilidae here described : 

a, One pair testes 1. Branghiobdella 

o, Two pairs testes. 

6j No dorsal appendages 2. Bdellodbilus 

6, Dorsal appendages present 3. Ptebodbilus 

1. Bbajtokiobdella* Odier. Dorsal and ventral jaws similar; 1 
pair testes in fifth segment: 3 American species. 

B. pulcherrima Moore. Body 6 mm. long and 1.3 mm. wide, very 
transparent forward and somewhat flattened; eighth and ninth seg- 
ments flattened, each with a pair of adhesive organs : North Carolina. 

B. instabilia Moore. Body 5.5 mm. long, 1.3 mm. wide; hinder 4 
segments forming a flattened disc-shaped expansion which is almost as 
wide as long, anterior segment very contractile : eastern states. 

• See "On Some Leechlike Parasites of American Crayfishes/' by J. P. Moore, 
Proc Ac Nat Sd., Phila., 1893, p. 419. "Notes on Braochlobdella," by W. M, Sm*U- 
wood, Biol Boll., Vol. 11, p. 100, 1906, 
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Fig. 481 

BdeUodrilu* MuwUnatut 

(Moore). 



2. Bdellodmlttb Moore. Two pairs of testes and sperm ducts: 2 
species. 

B. iUnminatns (Moore) (Fig. 481). Body 4 mm. long and .9 mm. 
wide, the head being composed of 4 segments, the trunk of 11, all being 

biannulated ; clitellum is the dorsum of segment 
6: often common on the gills of crayfish; co- 
coons also on the gills; eastern North America. 
B. philadelphicus (Leidy). Head the 
broadest part of the body ; length 10 mm. : on 
the external (usually the ventral) surface of 
crayfish; eastern and central North America. 

3. Pteeodetxtjs Moore. Two pairs of testes and sperm ducts ; long 
paired, dorsal appendages on certain of the body segments: 2 species. 

P. distichus Moore (Fig. 482). 
Dorsal appendages not branched; 
length 1 mm. : on the external sur- 
face of the crayfish in western 
New York. 

Family 3. HAPLOTAXIDAE. r n ^ Pig. 482 

Pten>drilu$ distlchu* 

Body very long and slender or ^ ' 

filamentous; setae sigmoid, single 

or paired, in 4 rows ; 2 pairs of ovaries ; central blood vessel contractile : 
2 genera and 3 species. 

Haplotaxis Hoffmeister. Clitellum on segments 11 
to 14 ; 2 pair male pores on segments 11 and 12 : 2 species. 
H. gordioides Hartmann (H. emissarius Forbes) (Fig. 
483). Dorsal setae absent on the hinder four-fifths of 
body; length 18 cm. and more; width .6 mm.; 375 seg- 
ments: in wet ground or in the water (Illinois; Phila- 
delphia). 

Family 4. ENCHYTRiEIDAE. # 




Fig. 483 
\plob 



More or less slender worms 30 mm. or less in length 

B orMo4de! which live in fresh water along the shore of the sea or in 

f De 8 ?J decaying or living plants; setae hair-like, in 4 bundles in 

each segment; clitellum when fully developed occupies 

segments 11 to 13; dorsal blood vessel arises near the clitellum; testes 

and ovaries in segments 11 and 12: about 13 genera and 170 species. 

• 8ee "Enchytraeidae of tbe West Coast of North America," by G. Risen, Harrf- 
roan Alaska Exp., VoL 12, 1910, 
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Key to the genera of Enchytraidae here described: 

Ox Setae straight, or nearly so. 

b x All setae in a bundle of equal length 1. Enchtt&sus 

b t Setae not all of equal length, inner setae of each bundle smaller than 

outer 2. Fbidebicia 

a, Setae sigmoid. 

bx Blood yellow or red ; testes massive 2. Lumbbictllus 

6, Blood usually colorless ; testes subdivided 4. Mesenchyt&sus 

1. Enohyt&kto Henle. Setae straight or nearly so, all those in a 
bundle of equal length (Fig. 484) ; blood colorless; large salivary glands 
present: 10 species. 

E. albidos Henle. Milk-white worms 25 mm. long and 1 mm. thick ; 
setae nearly straight bat hooked at inner end 2 to 6 in a bundle; num- 
ber of segments 53 to 69 : New Jersey to Maine, along the seashore near 
high-water mark under decaying seaweed and stones, also inland near 
the shore; very common in Europe and America. 

E. socialis Leidy. Body translucent and 20 mm. long; setae 5 to 7 
in a bundle; mouth triangular: in groups, in rotten stumps and logs. 

Fig. 484 Fig. 48S Fig. 486 

Fig. 484 — Setae of Enchytraus (Stlssw. F. Deut.). Fig. 486 — Setae of Lumbricillu* 
(Sttssw. F. Deut.). Fig. 486— Setae of Friderioia (Silssw. F. Deut). 

2. LxnfBRlCTLLXTS Oersted (Fig. 485). Setae sigmoid; testes mas- 
sive; blood yellow or red; no salivary glands; clitellum covers segments 
11 and 12: 15 species. 

L. agilis Moore. Transparent worms with pink or brown internal 
organs, 16 mm. long and .4 mm. thick: Maine to Vineyard Sound, along 
the seashore under seaweed near high-water mark.. 

S. Fbiderzoia Michaelsen (Fig. 486). Setae straight, 2 to 6 in a 
bundle and not of equal length, the inner setae of a bundle being shorter 
than the outer; blood colorless; salivary glands present: 21 species, 6 
in this country. 

F. alba Moore. Length 22 mm.; number of segments 58; sper- 
matheca simple; salivary glands branched; setae long and slender: in 
wet moss and leaves in the woods. 

F. parva Moore. Length 16 mm.; number of segments 46; sper- 
matheca and salivary glands unbranched; 4 setae in a bundle as far as 
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segment 25, then 2; color opaline white: among damp leaves, in the 
woods. 

F. agilis Smith. Length 30 mm.; number of segments 57 N to 66; 
dorsal blood vessel begins at segment 19; salivary glands much branched: 
in the soil (Illinois). 

4. Me8xvohttrxub Eisen. Setae sigmoid; blood usually colorless; 

no salivary glands: 30 species. 

M. beumeri (Michaelsen). Length 
30 mm. ; setae 3 to 5 in lateral bundles 




* f f> \ v ili and 5 to 8 in ventral ones ; clitellum 

on segments 11 to 13: Philadelphia, 
in wet places; Europe. 






Pig. 487 — Diagram of anterior por- __ _, __ . __.__ . _. m 

tlon of a naid (Walton). 1, prosto- FAMILY 5. NAIDIDAE. # 

mlnm ; 2, eye; 3, brain; 4, month: 
6, pharynx ; 6, oesophagus ; 7. blood 

▼easel ; 8, testis : 9, ovary ; 10. hair- Small aquatic, transparent worms 

like setae; 11, forked setae; 12, in- .__. AtW9X , xl ' A » A 

testine ; 13, cUteUnm. (Fig. 487) with 2 to 4 groups of $etae 

on each segment, and often with a 
distinct head; ventral setae forked; testes and ovaries usually in seg- 
ments 5 to 7; the worms reproduce principally by transverse division, 
forming animal chains : 15 genera and 50 species, mostly in fresh water. 
Key to the genera of Naididae here described: 

at Hair-like setae present doreally. 

bx Prostomium not tentacular. 

c, Without retractile rear appendages 1. Nais 

c, Retractile rear appendages present 4. Debo 

6, Prostomium long and tentacular. 

c, Dorsal setae begin on 5th or 6th segment 2. Sttlabia 

c, Dorsal setae begin on 2d segment 5. Pbistoca 

c, Hair-like setae absent doreally. 

6x No dorsal setae present 6. Chjbtooastbb 

6, Forked dorsal setae present 3. PABUf ais 

1. Nais 0. F. Miiller. Head distinct; dorsal setae begin on segment 
6 and are partly acicular and partly long and hair-like; ventral setae 
short, with cleft ends; blood yellow or red; eyes usually present: in 
standing or flowing water, in mud or on plants ; reproduction by budding 
very common; 10 species, 5 American. 

N. elinguia Mull. (N. rivulosa Leidy). Two or 3 dorsal hair-like 
setae present; length 2 to 10 mm., with 15 to 37 segments; color light 
brown; eyes usually present: often abundant on algae; Europe. 

N. parvula Walton. Prostomium blunt; eyes present; dorsal bundle 
composed of 1 hair-like and 2 cleft setae; length 1.2 mm.: Cedar Point, 
Lake Erie. 

• See "Naididae of Cedar Point," by L. B. Walton, Am. Nat, Vol. 40, p. 683, 1006. 
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Fig. 488 
Stylaria 
laou*trit 
(Walton). 



2. Sttlasza Lamarck. Prostomium very long and tentacle-like; 
setae as in Nats: 2 species, in Europe and America. 

8. lacnstris (L.) (Fig. 488). Length 15 mm., with 25 segments: 
common; Europe. 

5. PiBAWATB Czerniavsky. Head distinct; setae all 
forked; dorsal setae begin on segment 5; no eyes: 3 
species. 

P. litoralifl (0. F. Muller) (Enchytrceus triventralo- 
pectinatus Minor). Length 10 mm.; segments about 20; 
blood greenish-yellow: Long Island and Vineyard Sounds, 
under stones or decaying vegetation near high-water mark 
on the seashore, also in fresh water; often very common; 
Europe. 

4. Dsro Oken. Setae as in Nais; ciliated branchial 
appendages extend from the funnel-shaped rear end; 
blood reddish; no eyes: 15 species, 4 in America; often 
in tubes. 

D. limosa Leidy. Length 12 mm. or less with about 
48 segments; color reddish: in tubes at the bottom of stagnant pools 
suid among algae; common; Europe. 

D. obtusa Udekem. Length 10 mm. ; a long and a short seta in each 
dorsal bundle: Illinois; Europe. 

D. vaga Leidy (Fig. 489). Length 8 mm.; 
number of segments 25 to 35; body ending in 2 
long finger-like processes: often very common. 
6. Pbxbtxna Ehrenberg. Dorsal setae all 
hair-like and begin in second segment; ventral 
setae all forked; prostomium very long and re- 
tractile; rear end sometimes with long projec- 
tions; no eyes: 8 species, 3 American. 

P. leidyi Smith. Length 8 mm., diameter .15 
mm., with about 30 segments; 3 setae in each 
dorsal bundle, 5 to 9 in each ventral bundle; 
clitellum on segments 7 to 9 : in streams and lakes 
in the eastern and central states; common. 

P. serpentina Walton (Fig. 490). Length 2.2 
mm. with about 22 segments; dorsal bundle with 
5 to 9 setae, ventral bundle with 5 or 6: very common; Cedar Point, 
Lake Erie. 

6. Oxjbtooastzb von Baer. Very transparent worms with 2 bundles 
of hooked setae on the ventral side of each segment and no dorsal setae; 
blood colorless: 6 species, 5 American. 



^ 
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Fig. 489 Fig. 490 

Fig. 489 
Dero vaga (Walton). 

PrUtina serpentina 
(Walton). 
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0. limnei von Baer (Fig. 491). Anterior bundles of setae with 10 
to 20 each; length 5 mm.: eastern states, usually found on Lymnaa and 
Planorbis or parasitic in their liver; also free-living; common; Europe. 

0. pellucidus Walton. Setae forked, 6 to 7 
in a bundle; length 1.5 mm.: Cedar Point, Lake 
Erie; common. 

Flg.491-CK*to 9 o*ter FAMILY 6. TUBIFICTDAE. 

Hmnarf (SlUsw. F. Deut) 

Slender, red or brown worms living in fresh 

or brackish water in tubes from which they protrude the hinder end; 4 

bundles of setae on each segment; testes and ovaries in segments 10 or 

11; but 1 pair of sperm ducts; no reproduction by division; clitellum on 

segments 11 and 12: about 14 genera and 50 species. 

Key to the genera of Tubificidae here described : 

Ox Dorsal setae both forked and hair-like 1. Tubifex 

a, Dorsal setae all forked. 

& t Setae of segment 11 modified 3. Bothrioneubuu 

b t These setae not modified. 

Cj No blood capillaries in body wall 2. Cutellio 

c, Capillaries in body wall 4. Limnodrilus 

1. Tttbzfex Lamarck. Forked and usually hair-like setae in the 
dorsal bundles; usually forked setae alone in the ventral bundles; con- 
tractile hearts in segment 8: several species. 

T. irroratus (Verrill) (Clitellio irroratus Verr.). Pink or brown 
worms 3 cm. long; prostomium acute: near high- water mark south of 
Cape Cod on the seashore. 

T. benedeni Udekem. Gray or black worms ; cutic- 
ula studded irregularly with flattened papillae; length 
4 cm. : Long Island Sound to Maine, near high-water 
mark on the seashore. 

T. tubifex (O. F. Miiller) (Fig. 492). Reddish tMfJ^™ f 2. 
worms about 4 cm. long with about 60 segments; the teeth (SOssw. P. 
forked setae in dorsal bundles in front of the clitellum 
have 1 to 3 middle teeth; ventral setae all forked: in mud in standing 
and running fresh water; often common, forming reddish patches on the 
mud where they are seen waving their hinder ends in the water; Europe. 

2. Olztellio Savigny. Forked setae alone present; contractile 
hearts in segments -8 and 9 ; no blood capillaries in body wall ; prostate 
glands diffuse: 1 species. 

0. arenarinj (O. F. Miiller) (C. irroratus Verrill). Body very slen- 
der and reddish, up to 6 cm. long; setae sigmoid: Long Island Sound 
to Maine, often very common under rocks and stones near high-water 
mark on the seashore; Europe. 
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3. BoTHBlONZTTBUX Stole. Forked setae alone present; ventral 
setae of segment 11 modified for copulatory purposes: several species. 

B. glaber Moore. Body pinkish or brown, 4 cm. long and .8 mm. 
wide; setae short and forked at the end: Vineyard Sound, under decay- 
ing vegetation and stones near high-water mark, especially where the 
water is brackish. 

4. LxicvODRXLTrs Claparede. Forked setae alone present; contrac- 
tile hearts in segment 8 and 9; blood capillaries penetrate the body wall; 
prostate gland large and massive, in segment 11: about 10 species, in 
fresh water. 

L. claparedianus Ratzel. Length 4 to 7 cm.; segments 150: eastern 
states, in fresh water. 

L. subsalsus Moore. Body red or brown in color and 4 cm. long; 
segments 120; setae deeply bifid, 4 to 6 being in each group before and 
2 to 4 behind the clitellum : in brackish water at New Bedford, Mass. 

Family 7. LUMBRICULIDAE. 

Small worms usually red or brown in color, living in mud in fresh 
water; 2 pairs of dorsal and 2 of ventral setae in each segment; 2 pairs 
of sperm ducts, but with 1 pair of openings: 8 genera and about 15 
species. 

1. Tbxohodrxlttb Claparede (Thinodrilus Smith). Setae simple or 
forked at the end; dorsal blood vessel with paired contractile, blind 
appendages; male pores in segment 10: 3 species. 

T. inconstans (Smith). Length 6 cm.; width 8 mm.; color reddish, 
anteriorly greenish ; 5 pairs of small spermathecae : in mud or vegetation 
in fresh water. 

Family 8. MEGASCOLICIDAB. 

Usually terrestrial, sometimes aquatic oligochcets; setae curved, 8, 
12, or more on a segment; male pores on segment 18 or 17; clitellum 
beginning on or before segment 16, not appearing excepting at certain 
times and without sharp boundaries: 56 genera and about 600 species, 
principally in the southern hemisphere and the tropical portions of the 
northern. 

1. Dzplocabdia Garman. Setae paired, 8 on a segment, absent on 
segment 18; clitellum on segment 13 to 18: about 10 species, all 
American. 

D. communis* Gar. Length 30 cm.; diameter 3 mm.; flesh-colored; 
dorsal vessel double; 3 pairs of spermathecae in segments 7 to 9: in the 
soil of the prairies (Illinois). 

* See "On the Anatomy and Histology of a New Earthworm (Diplocardia com- 
m#n<f)," by H. Garman, BulL of 111. St Lab. of Nat. Hist. Vol. 3, p. 47, 1892. 
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D. riparia Smith. Length 25 cm.; diameter 3 mm.; color brown; 
dorsal vessel single; 2 pairs of spermathecae, in segment 8 and 9: in wet 
forest soil (Illinois). 

Family 9. GE08C0LECEDAE. 

Aquatic or terrestrial, usually tropical oligochiBts with 8 curved 
setae in a segment, paired or not; clitellum concave ventrally; male 
pores just before or in clitellum; gizzard in middle of oasophagus: 20 
genera and about 90 species. 

Spargavophilvb Benham. Prostomium not marked off from peri- 
stomium; clitellum in segments 15 to 25; male pores on segment 19; 4 
pairs of setae on a segment, a pair on each corner of the quadrangular 
cross section : in the mud of streams ; 4 species. 

8. eiseni Smith. Length 20 cm.; diameter 2.6 mm.; dorsal setae 
project laterally beyond the ventral ; a pair of large glands open on seg- 
ment 3; central and western states, in mud of springs. 

8. tamesis Benham. Length 10 cm. ; color red or blue; ventral setae 
project laterally beyond the dorsal: Philadelphia; England; on water 
plants. 

Family 10. LUMBBICIDAE. 

Earthworms. Terrestrial, occasionally aquatic, oligoehsts with 4 
pairs of setae to a segment; clitellum concave ventrally, not beginning 
before segment 18 or after segment 61; male genital pores on segment 
15 (rarely on segments 11 to 14) ; 2 pairs of testes in segments 10 and U 
(rarely 1 pair); 1 pair of ovaries in segment 13; cocoons egg-shaped: 
5 genera and over 100 species. 

Key to the genera of Lumbricidae here described: 

Ox Peristomium completely divided doreally by prostomium (Fig. 493). 

1. LuMBUOua 
o, Peristomium incompletely divided by prostomium (Fig. 494). 
bx Gizzard occupies more than 1 segment ; clitellum reaches at least through 
segment 32. 

Cj Clitellum begins mostly on segment 24 2. Eisenia 

c, Clitellum begins mostly behind segment 24 3. Hklodhlus 

6, Gizzard occupies but 1 segment; clitellum reaches at most to segment 

27 4. ElSENIELLA 

1. Lukbbxoto L. Peristomium (buccal segment) completely divided 
by prostomium (Fig. 493); setae strictly paired; 3 pair vesiculae semi- 
nales present in segments 10 and 11 which fuse together in the middle 
line; 2 pairs of spermathecae, in segments 9 and 10; tail end flattened: 
8 species, 3 American. 
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Key to the American species of Lumbricus: 

Ot Clitellum on segments 81 or 82 to 87 L. terbestrxs 

a, Clitellum on segments 26 or 27 to 82 L. bubeixus 

a, Clitellum on segments 28 to 83 L. castaneus 

L. tcrreetris L. (Fig. 478). Length np to 30 cm., with about 180 
segments; color purplish; clitellum on segments 31 or 32 to 37: in wet 
places; Europe and America. 

L. rubellus Hoffmeister. Length up to 15 cm. with about 150 seg- 
ments; color pink; clitellum on segments 26 or 27 to 32, usually nearly 
in center of body : in wet places ; cosmopolitan. 

L. castaneus (Savigny). Length up to 5 cm. with about 90 seg- 
ments; color chestnut or violet brown, strongly iridescent; clitellum 
on segments 28 to 33: America and 
Europe. ' *y^*\ 

2. EnsviA Malmgren (Allolobophora % - {\ f\ 
Eisen) (Pig. 494). Peristomium incom- t 1 
pletely divided by prostomium; 3 or 4 Fig. 493 Fig. 494 
pairs of vesiculae seminales which do fi». 493 — Diagram showing 
not fuse together in the middle line; 2 T*Zw%. d i*un. ^pSSffi 

~~ Q »«:-» «~«~««*u«««,v :„ «««w,««*« q *~ mium ; 2, peristomium. Fig. 494 
or 6 pairs spermatnecae in segments 8 to —Diagram showing incompletely 

11; tail end cylindrical: 9 species, 3 g*gj PerUtominm (SUssw. * 
American. 

B. fotida (Savigny). Length up to 9 cm. with about 100 segments; 
color pink with a dark ring on each segment; clitellum on segments 24, 
25, or 26 to 32; setae strictly in pairs; 2 pairs spermathecae, in segments 
9 and 10: the worm lives often in manure and has a disagreeable odor; 
cosmopolitan. 

E. rosea (Sav.). Length up to 6 cm. with about 150 segments; 
color red; clitellum on segments 24, 25, or 26 to 32; 2 pairs of sper- 
mathecae in segments 10 and 11; setae strictly paired: in wet places; 
cosmopolitan. 

3. Hxlodkilus Hoffmeister (Allolobophora Eisen). Peristomium 
incompletely divided by prostomium (Fig. 494); 2 to 4 pairs vesiculae 
seminales which do not fuse together in the middle line; tail end cylin- 
drical: 54 species, 10 American. 

H. caliginosus (Savigny). Length up to 17 cm. with about 250 nar- 
row segments ; color very variable, being gray, pink, yellowish, or bluish, 
but never purple; clitellum on segments 27 or 28 to 35; setae strictly 
paired; 4 pairs vesiculae seminales; 2 pairs spermathecae: in fields and 
gardens; cosmopolitan. 

H. chloroticus (Sav.). Length up to 6 cm. with about 125 seg- 
ments; color variable, but never purple; clitellum on segments 29 to 37; 
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setae in pairs, close together; 3 pairs of spermathecae in segments 
9, 10, 11; 4 pairs vesiculae seminales: terrestrial; cosmopolitan. 

H. palustrifl* (H. F. Moore). Length 7 cm.; segments 100; color 
red; clitellum on segments 23 to 28; 2 pairs vesiculae seminales; no 
spermathecae: Pennsylvania to North Carolina; in wet soil. 

4. Eisenxella Michaelsen (Allurus Eisen; Allolobophora Eisen). 
Peristominm incompletely divided by prostomium (Fig. 494), clitellum 
beginning with the segment 23 or in front of it; male pores on segment 
11 to 15; gizzard confined to segment 17; 4 pairs vesiculae seminales, 
which do not fuse in the middle line: 2 species. 

E. tetrodra (Savigny). Color yellow, brown, or blackish; hinder 
and middle portions of body rectangular; length 5 cm.; thickness 4 mm.; 
segments 90; male pores on segment 13, female pores on segment 14; 
clitellum on segments 22 or 23 to 27 : cosmopolitan ; in wet soil. 

Order 3. ECHlURIDA.t 

Thick-bodied, cylindrical annelids in which the segmentation is 
wanting or indistinct in the adult. The animals are, however, born as 
typical trochophore larvae and at an early period of the metamorphosis 
have fifteen rudimentary somites. Parapodia and cephalic appendages 
are wanting. A pair of large setae is present on the ventral side near 
the forward end; in Echiurus two groups of setae are also present at the 
hinder end. 

The formation of the head is peculiar. The prostomium is very 
much elongated and forms a long spatulate or trough-like structure in 
front of the mouth, which may be very elastic and forked at the end. 
The grooved ventral surface of the prostomium is ciliated and in it the 
minute animals which constitute the food of the worm are swept into 
the mouth. The prostomium is called the proboscis. 

The alimentary canal is much longer than the body and terminates 
with the anus at the hinder end; joining the rectum is a pair of long 
cylindrical anal pouches which communicate with the body cavity and 
are modified nephridia. From one to three pair of typical nephridia are 
also present in the forward part of the body. The vascular system con- 
sists of a dorsal and a ventral longitudinal blood vessel, which join each 
other anteriorly, and no lateral vessels. The nervous system includes 
a ventral chord which is segmented in the early developmental stages 
but unsegmented in the adult. A distinct brain is wanting, but an 

* See "On the Structure of Bimastue paluBtris, a New Oligochete," by H. F. 
Moore, Jonr. Morph., Vol. 10, p. 473, 1895. 

f See "Thallasema melllta," by H. W. Conn, Stud. Biol. Lab., J. H. TJ„ Vol. 3, 
1884. "North American Echlurlda," by C. B. Wilson, Biol. Bull., Vol. 1, p. 163, 1900, 
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(Esophageal ring is present which is much elongated, as it extends from 
the front end of the prostomium to the ventral chord back of the mouth. 
Special sense organs are wanting but the prostomium acts as a feeler. 

The animals are unisexual, the gonad being unpaired but 

the ducts paired. 

The Echiurida are marine worms which live in the 

sand and mud or between stones, usually near the shore. 

The order contains about 20 species and 5 genera, 3 genera 

and 5 species being known on the Atlantic and 1 species 

on the Pacific coast. 

Key to the genera of Echiurida here described : 

Ox Preanal bristles present 1. Echtttbus 

a, No preanal bristles 2. Thalassema 

1. Eohujbus Cuvier. Preanal bristles and 2 ventral 
hooks present; body marked with rings bearing spines; 
2 or 3 pairs of nephridia: 3 species. 

E. pallasi Guerin (E. chrysacanthophorus Pourtales) 
(Fig. 495). Proboscis spoon-shaped but cylindrical at 
base; about 22 body rings present; color gray, yellow, or 
orange; length 30 cm. or less; length of proboscis 6 cm.; 
width 6 cm.: North Atlantic (Casco Bay) and Alaska; 
Europe. 

2. Thalassema Gaertner. Proboscis rather pointed at 
end; no preanal bristles but 2 ventral hooks present; 1 to 
4 pairs of nephridia : 12 species. 

T. melitta Conn (Fig. 496). Color dull red with 8 lon- 
gitudinal bands; proboscis light yellow; length 25 mm., 
exclusive of proboscis, which is long and flexible: 
Beaufort, N. C, often in sand-dollar shells. 




IK. 4 

EchiuruB 

pallasi 

(Wilson). 

1, proboscis 

2, setae. 




(original) 
drawinf 



drawing by 
H. W. Conn). 



Class 3. HIRUDINEA* 

Leeches (Fig. 501). Dorso-ventrally flattened, often brightly col- 
ored annelids, which are completely segmented internally and are marked 
externally with three or more rings to each somite. A large sucker is 
present at the hinder and a small one at the forward end by means of 
which the animal moves on hard surfaces. Parapodia, tentacles, and setae 

• See Leeches of the IT. S. Nat. Museum," by J. P. Moore, Proc. U. S. Nat Mus., 
VoL 21, p. 643, 1898. "The Hirudlnea of Illinois," by J. P. Moore, Boll. 111. St Lab.,' 
Vol. 5, p. 479, 1901. "Notes on the Leeches of Nebraska," by H. B. Ward, Studies 
from the ZooL Lab. Neb., No. 51. "Hirudlnea and Ollgocheta Collected in the Great 
Lake Region," by J. P. Moore, Bull. U. S. Fish. Bur., Vol. 26, p. 155, 1905. "Die 
Susswasserfauna Deutschlands, Hirudlnea," by L. Johansson, 1909. "The Leeches of 
Minnesota," by J. P. Moore, Part III, Oeog. and GeoL Sur. Minn., 1912. 
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are wanting. AcanthobdeUa, a Russian fresh-water leech, is an exception 
to this rule, having setae on the first five somites. Paired gills are present 
in a few genera. The head is not distinctly marked off from the trunk 
but the prostomium projects in front of the mouth, as in the OUgochata. 
The body cavity differs in character from that in most other annelids in 
that it is filled secondarily with a vacuolated parenchyma; several tube- 
like spaces are, however, still left in it which are connected with the 
vascular system and contain blood. 

The mouth is ventral or snbtermihal in position and opens into a 

pharynx which is provided with salivary glands and in turn leads into 

the oesophagus and the large crop; this organ has paired segmental 

pouches and passes back to the stomach, which may also be provided 

with paired pouches. The short intestine passes to the 

anus at the hinder end of the body above the sucker. 

The pharynx (Fig. 497) is provided with three serrated 

chitinous plates in the medicinal leech and its allies, by 

means of which the animal may draw blood from the 

body of its host The Rhynchobdellidae, on the other 

-x-vxra hand, have no such plates but a proboscis which can be 

v ^ x thrust out of the mouth and be made to pierce the skin 




t 



B| of another animal. The main vascular system consists 

in general of four longitudinal blood vessels, a dorsal, a 
pig ^gj ^ 

anterior end oi ventral, and two lateral The excretory system consists 
?eec£\ e B,°ante- of paired nephridia in the middle portion of the body 
rhvnchobdeiiicf (seventeen pairs in Hirudo), the inner ends opening into 
i, "Jiti^ui the sinuses representing the body cavity. The nervous 
{ended probo* system is like that of other annelids. The two longi- 
■ucker. 8 * oral tudinal nerves are close together and several of the 
anterior ganglion pairs are fused together forming an 
inf ra-cesophageal ganglion. The special sense organs consist of a number 
of pairs of eyes (in Hirudo five) at the forward end of the body and sense 
buds which are most numerous at the forward end. 

The leeches are hermaphroditic. A number of pairs of testes alter- 
nate usually with the segmental lateral pouches of the digestive tract 
and communicate with a pair of vasa deferentia which proceed to the 
male genital pore in the anterior part of the body, joining to form a 
penis at their anterior end. The female pore lies just behind the male; 
two ovaries are present which are joined by the oviducts with the vagina. 
Fertilization is effected by means of a spermatophore and the eggs are 
usually laid in a cocoon formed by a clitellum on the ninth, tenth, and 
eleventh somites. The young animal is born with the form of the 
parent. 
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Leeches are mostly aquatic animals which live in fresh water in all 
parts of the world ; a few live in the sea and a few in moist earth. They 
are predacious animals, feeding on oligochaets, snails, and other small 
animals and are also at times external parasites, sucking the blood of 
aquatic vertebrates. The class contains two orders and about 150 
species. 

Key to the orders of Hirudinea: 

©j Proboscis present and no jaws ; blood colorless ; somites rarely consisting v < 
of 5 rings each 1. Rhtnchobdellida 

a, No proboscis but usually 3 jaws present; blood red; somites usually 

consisting of 5 ringB each 2. Gnathobdellida 

Order 1. RHYNGHOBDELLIDA.* 

Leeches with a proboscis which can be thrust out of the mouth, and 
no jaws, and with colorless blood; segments consisting of 3 or more but 
rarely of 5 rings each : 2 families. 

Key to the families of Rhynchobdellida: 

Ox Both suckers distinct from body 1. Ichthyobdelxjdas 

o, Hinder sucker distinct, forward sucker more or less fused with body. 

2. Glossiphoniidak 

Family 1. ICHTHYOBDELLIDAE. 

Leeches parasitic on fishes, tortoises, and some other animals; both 
suckers pedunculate; body elongate, narrow anteriorly, and broad pos- 
teriorly; body segments containing more than 3 rings each: 7 genera. 

Key to the genera of Ichthyobdellidae here described : 

Ox No gills present 1. Piscicola 

a, Gills present. 

6 X Paired papilliform vesicles act as gills 2. Cystobranchus 

o, Paired arborescent gills present 3. Bbanchellion 

1. Piscicola Blainville. Body cylindrical, distinctly 
annulated with many (usually 14) ringB to a somite; eyes 
distinct: many species. 

P. rapax (Verrill) (Fig. 498). Body long and slender, 
dark olive in color with a row of rectangular white spots 
along each side; length 40 mm.; width 2 mm.: on the 
summer flounder. $}&£& 

P. funduli (Verr.). Body smooth, distinctly annu- (Ven-un 
lated, light green in color with fine dots of brown and 
green; length 18 mm.; 2 large and 2 small eyes: on Fundulus 
pisculentus. 

• See "Some North American Freshwater Rhynchobdellida and Their Parasites," 
by W. B. Castle, Ball. Mas. Comp. Zool., Vol. 36, p. 17, 1000. 
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2. Oystobravchus Diesing. Gills present in form of paired papil- 
liform vesicles along the sides of the body; body composed of 2 regions, 
a narrow anterior region of 11 somites and a broad posterior region; 
each segment contains 7 rings: 2 species. 

0. vividus Verrill. Body with 11 pairs of vesicles, brownish or 
purplish in color with 3 irregular rows of white spots on the back; 
length 25 mm.; eyes 4: on Fundulus pisculentus; Long Island Sound; 
also in fresh water. 

3. Bsavokellzoh Savigny. Gills present in form of paired 
aborescent appendages; body with a slender anterior neck: several 




B. raveneli (Girard) (Fig. 499). Body with about 30 pairs of 
gills, dark brown or purple in color; length 6 cm.: on skates and 
rays. 

Family 2. GLOSSTPHONIIDAE. 

Fresh-water leeches in which the anterior sucker is fused with the 
body and the posterior sucker is distinct; each segment contains 3 
rings; no cocoon is formed, the eggs and young being fixed 
to the mother's body: several genera. 

1. Glossiphonia Johnson (Clepsine Savigny). Body 
wide, attenuated forward, often brightly 
colored; animal cannot swim but rolls 
up when alarmed: numerous species; in 
fresh water. 

G. parasitica (Say) (Clepsine plana 
Whitman). Body broad and flat, with a 

^ smooth surface; color variegated, being 

Pig. 499 — BranchellUm raveneli . , n • i .,, , .. ,. , 

(Verrill). Fig. 500— aioaaiphonia greenish or yellowish, with longitudinal 
complanata — anterior end showing £ . , _ B t .. <«. 

eyes (SUssw. F. Deat). rows of spots; lower surface longitudi- 

nally striped; 2 eyes; length 6 cm.; 
width 2.6 cm.: the most abundant American species; on turtles or 
under stones. 

G. complanata (L.) (Fig. 500). Body 30 mm. long and 10 mm. 
wide, very flat; color greenish, spotted with yellow; eyes 6, in 3 pairs: 
often common under stones in running water; very active; Europe. 

G. fusca Castle (O. lineata Verrill). Body 12 mm. long, flat and 
broad, with 12 longitudinal brown stripes; 2 large eyes: in cold 
streams. 

G. degans (Verr.) (Fig. 501). Body elliptical, 18 mm. long and 
7 mm. wide, brownish in color; head colorless; 6 eyes: abundant in 
shallow waters, often with O. stagnate; sluggish in its movements. 
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Fig. 502 

Qlottiphonta 

staonalis 

(Sflssw. 

F.Deut). 



G. rugosa (Verr.). Body rough and papillose; color variegated, 
spotted irregularly with yellow and green; 2 eyes; length 5 cm.: abun- 
dant under stones in run- 
ning water. 

G. stagnalis (L.) 
(Fig. 502). Body small, 
rather elongate, grayish 
or pinkish in color, and 
25 mm. long by 2 mm. 
wide when extended; 10 
mm. long at rest; annu- 
lation distinct; 2 eyes; 
between rings 12 and 13 is a con- 
spicuous brown, cuticular plate; crop 
with but one pair of pouches: in 
ponds and sluggish streams, where it 
feeds on small snails; very common; 
Europe; very active in its move- 
ments. 

G.heteroclita (L.) (Fig. 503). Body 
transparent, yellowish or brownish in 
color, about 10 mm. long and 3 mm. 
wide, and with indistinct rings; 6 eyes 
arranged in pairs at the corners of a 
triangle: in ponds and sluggish 
streams; Europe. 

2. HEMIOLEP8I8 Vej- 
dovsky. Anterior sucker 
pedunculate; body wide 
and flat: several species. 
B. carlnata* Verrill. 
Body 35 mm. long, rather 
slender; color greenish 
with longitudinal stripes ; 
eyes 2, conspicuous : com- 
mon in streams, some- 
times attached to frogs 
or toads. 





Fig. 503 

QloBrtphonia 

heierocUta 

(Sfissw. F. 

Deut). 



Fig. 501 — GU>88iphonia elegant — 
diagram showing the digestive and 
genital tracts, seen from the dorsal 
surface, the somites being numbered 
on the left and the rings on the 
right side (Castle), an., anus ; br., 
brain ; cr., crop ; in., intestine ; ov. f 
ovary; pp., proboscis; p.s., poste- 
rior sucker; si., salivary glands; 
st., stomach ; t, testis ; J, male 



rior sucker; 

St., Stomach , «... ^ BMD , o , uime 

genital pore ; V, female genital pore. 



Order 2. GNATHOBDELLTDA. 
Fresh-water and terrestrial leeches without a proboscis and usually 
with 3 jaws (Fig. 497, A); blood red: 2 families. 
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Key to the families of Gnathobdellida: 

Ox Three toothed jaws present 1. Hibudinidae 

o, Three unarmed muscular ridges present in place of the jaws. 

2. Hesfobdoxidab 

Family 1. HIBUDINIDAE. 

Leeches with 3 toothed jaws; segment contains 5 rings; 5 pairs of 
eyes: several genera. 

1. Hxbudo L. Elongate, flattened leeches with about 95 annota- 
tions; margin of body serrate; crop with about 10 pairs of lateral 

pockets; teeth very numerous, over 100 in 
number; body contracts and does not roll 
up: numerous species. 

H. medidnalla L. The medicinal leech. 
Body yellowish-brown, 10 to 20 cm. long: 
an European animal which has been intro- 
duced into some ponds and streams in the 
eastern United States; used for blood- 
letting. 

2. Hjekofxb Savigny. Body rather thick, 
with smooth margins; crop with 1 pair of 
caeca but without lateral pockets; teeth few, 
about 20; 5 pairs of eyes. 

H. marmoratls (Say). The horseleech. 
Body 10 cm. long or more, 15 mm. wide, 
smooth, and very soft; color variegated, 
being blackish or brownish, blotched with 
irregular spots: in the mud at the side of 
pools and streams and also occasionally 
on the land; will occasionally suck blood but usually eats worms, 
snails, etc. 

H. grandis (Verrill). Body 20 cm. long or more, specimens 45 cm. 
having been found; color yellow, mottled with black; the largest 
American leech: New England, the Great Lakes, and westward. 

3. Maobobdella Verrill. Body strongly annulated, broad and flat- 
tened, and tapering but little; about 65 teeth on each jaw; male orifice 
between segments 26 and 27 and the female orifice between segments 
31 and 32: 3 species. 

M. decora (Say). Body up to 30 cm. long and 25 mm. wide, brown 
or olive green in color, with a median row of about 20 red spots and a 
row of black spots near each margin; lower surface reddish: very com- 
mon in fresh water, a fierce blood sucker, attacking men, cattle, fish, 
frogs, etc., but also eating other animals. 




Fig. 604 Fig. 505 

Fig. 504 — Herpobdclla punc- 
tata (Moore). Fig. 505— Her- 
pobdclla fervida (Moore). 
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Family 2. HEBPOBDELLIDAE. 

Body subcylindrical, elongate with 3 unarmed muscular ridges in 
place of jaws; crop without lateral pockets: several genera. 

1. Hs&pobdella Blainville (Nephelis Savigny). Body long and 
narrow and with smooth margin; segments contain 5 rings each; genital 
orifices separated by 2 or 3 rings: many species; on plants and on the 
under side of stones in streams. 

H. punctata (Leidy) (Fig. 504). Body up to 10 cm. long and 1 cm. 
wide; color brownish-black with 4 longitudinal rows of irregular black 
spots ; 3 pairs of eyes : common in streams and pools. 

H. (Dina Blanchard) fervida (Verrill) (Fig. 505). Body up to 5 
cm. long, variegated pale red in color; 3 or 4 pairs of eyes: abundant 
in the Great Lakes region. 



Glass 4. MTZOSTOMIDA. 41 

These animals are small disc-shaped parasites of crinoids, ophiurans, 
and starfishes, on the bodies of which they live either in cysts or free. 
The body is oval in outline, much flat- 
tened, and externally unsegmented. It 
possesses, however, five pairs of para- 
podia, each of which is stiffened by 
two setae, and four pairs of latero- 
ventral sucker-like organs which are 
probably sense organs. The edge of 
the body is serrate in some species ; in 
others ten pairs of short cirri extend 
from it. A distinct head is not pres- 
ent (Fig. 506). 

The body cavity is obliterated by 
the growth of a vascular parenchyma 
throughout it. The mouth is ventral 
in position and near the anterior end 
of the body ; it opens into the pharynx, 
which forms a proboscis. The intestine is straight and sends out a num- 
ber of long branches on each side. The anus is near the hinder end of the 
body. Special vascular and respiratory organs are wanting; nephridia are 
present. The nervous system is highly specialized. It consists of two 

* See "Verseicbnlss der von den U. S. Coast Surrey Steamers Hassler und Blake, 
von 1867-1870, gesammelten Myiostomideen," by L. von Graff, Bull. Mas. Comp. 
Zoo!., Vol. 11, p. 125, 1883. "The Sexual Phases of Myzostoma," by W. M. Wheeler, 
Mitt aus d. ZooL 8t «u Neap., Vol. 12, p. 227, 1896. "New Marine Worms of the 
Genus Mysostoma," by J. F. McClendon, Proc. U. 8. Nat Mus., Vol. 32, p. 63, 1907. 




Fig. 506 — Diagram of a myzostomid 
(von Stummer). 1, mouth ; 2, cirrus ; 
3, parapodium ; 4, lateral sense organ ; 
5, Intestinal branches ; 6. ovary ; 7, 
nephridlum; 8, uterus; 9, stomach; 
10, cloaca ; 11, anus ; 12, male genital 
pore. 
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oesophageal nerve rings and a large ventral nerve mass which is composed 
of about six fused pairs of ganglia and sends off numerous nerves. No 
special sense organs are present. The animals are hermaphrodite. The 
testes are paired, branched organs which are joined on each side by two 
vasa deferentia with a lateral sperm sac; this opens to the outside by a 
marginal pore near the middle of the body. Two ovaries are present; the 
ova are collected in a median uterus which communicates with the rectum. 

The class includes over 70 species and 2 genera. 

Myzostoma F. S. Leuckart. With the characters of the class: 
numerous species. 

M. glabnun F. S. Leuck. Body nearly circular, 4 mm. long, with 10 
pairs minute protuberances; parapodia short; cloaca dorsal: Europe, on 
Antedon rosacea, attached to the oral plates. 

M. cubanum McClendon. Diameter 1.7 mm.; thickness .08 mm.; 
dorsal surface flat, with 10 pairs of short conical cirri; ventral surface 
convex; parapodia prominent; suckers absent: West Indies, from 
crinoids off Havana. 
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PHYLUM V. 



ARTHROPODA. 



(Crustaceans, Arachnids, Myriapods, 
and Insects.) 

Animals which are externally segmented and have segmented ex- 
tremities (Fig. 642, A). 

External Structure.— The segmentation of arthropods is heterono- 
mous, the somites or body segments being unequal in size, and in most 
cases the body is made up of three divisions, the head, the thorax, and 
the abdomen. Fusion occurs very frequently between contiguous somites 
so that their boundaries are obliterated: the somites of the head are 
always thus fused. The appendages or extremities are elongated, seg- 
mented projections of the ventral body wall, there being typically a 
single pair on each somite except on the terminal one. In many 
cases where the segmentation has disappeared secondarily the number 
of pairs of appendages gives a clue to the number of somites originally 
present. 

The appendages are primarily locomotory and sensory organs, but 
we find them performing many other functions. The first pair forms 
the antennae or feelers, where these are present, and their function is 
usually purely sensory. One or more pairs form the jaws, which have 
thus a right and left position. The appendages of the middle and hinder 
part of the body usually preserve their locomotory function and form 
the walking or swimming legs. These, however, often serve also other 
purposes, as for respiration and the transportation of eggs or young, or 
as spinnerets in spiders, and as stings, anal feelers, and ovipositors 
among the insects. 

The following scheme taken from Korschelt & Heider's Textbook of 
Embryology illustrates the homologies of the anterior pairs of appendages 
in the principal groups of Arthropoda: 
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The largest group of arthropods, the insects, is distinguished by the 
possession of wings, two pairs of which are typically present, arising as 
projections from the dorsal wall of the thorax. 

The principal organs of special sense are the eyes, the tactile hairs, 
and the auditory or balancing organs. The tactile hairs are usually dis- 
tributed over the body, but are probably most sensitive on the antennae 
and the palps, where they are organs of touch, hearing, taste, or smell. 
The eyes are of two kinds, simple and compound. A simple eye or 
ocellus is a minute structure formed by a modification of the integu- 
ment and consisting of a convex retina and a lens. A compound eye is 
a much larger and more complex structure and consists of a large number 
of distinct elements called ommatidia. Each of these is a separate light- 
perceiving body, and the sum of the images of all the ommatidia of a 
compound eye forms the picture the animal sees. This is called mosaic 
vision and characterizes crustaceans and insects alone among animals. 
A pair of lithocysts, or so-called auditory organs, are present in certain 
crustaceans; they are organs of equilibration. A few species of insects 
have genuine auditory organs. 

The integument of arthropods is composed of a shell-like cuticula 
which forms the entire outer surface, and a layer of glandular cells called 
the hypodermis which lies beneath the cuticula and secretes it. The 
cuticula is rendered tough and thick by the presence of chitin and 
sometimes of calcium carbonate and forms a very efficient outer cov- 
ering. During the period of growth an arthropod sheds its cuticula 
periodically. 

Arthropods are often highly colored, some of them being among the 
brightest of animals: many are protectively colored and many crustaceans 
are transparent, being almost invisible in the water in which they live. 
Sexual dimorphism is very common, the males being distinguished from 
the females by size, color, or other external markings. 

Interned Structure.— The digestive tract extends from the mouth to 
the anus and is made up of foregut, midgut, and hindgut, which, however, 
in all arthropods have undergone a large degree of specialization. Sali- 
vary glands are generally present in the terrestrial arthropods but are 
absent in the aquatic ones. Other digestive glands are wanting in insects, 
but in crustaceans and arachnids a voluminous liver is often present 
The excretory organs or kidneys are present in the form of one or more 
pairs of tubular glands. 

The circulatory system is not highly specialized. A blood fluid is 
always present which circulates among the organs in the extensive body 
cavity. In many small crustaceans no heart or other vessels are present, 
but the circulation is maintained by the movements of the intestine or of 
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the whole body. In most arthropods, however, a heart, usually tubular 
in shape, is present in the dorsal part of the body cavity, the beating of 
which keeps the blood in circulation. In no arthropods, however, is there 
a closed vascular system, as the blood, even in the highest, passes from the 
tissues to the respiratory organs through open spaces of the body cavity. In 
most arthropods respiratory organs in the form of projections from the 
legs or the sides of the body are present. In the crustaceans these pro- 
jections extend into the water and form the gills, while in the air-breathing 
forms the projections extend into the body cavity and become the so-called 
lungs of the arachnids or the tubular tracheae which carry respiratory 
air directly to the blood. The muscular and nervous systems of arthro- 
pods are highly developed. The muscles are all striated and are probably 
the most energetic among animals. 

The main nervous system, like that of annelids, consists of a number 
of pairs of segmentally arranged ganglia and nerves connecting them. 
The anterior pair constitutes the brain and is situated in the dorsal 
portion of the head; from it nerves go to the eyes and the antennae. 
The remaining parts are ventrally situated, one pair being typically 
in each somite. In most arthropods, however, fusion has occurred among 
the ganglia so there are fewer pairs of them than of somites. This fusion 
has gone so far in some of the highest arthropods that all the ventral 
ganglia have come to form a single mass. In all arthropods the brain 
is distinct and is joined with the ventral ganglia by a pair of connecting 
nerves, one of which passes on each side of the oesophagus. 

With a few exceptions arthropods are unisexual, the hermaphroditic 
forms being a few parasitic or sessile crustaceans and a few arachnids. 
The gonads are usually paired, tubular glands which open to the outside 
by a pair of openings in crustaceans and by a single median abdominal 
opening in most other arthropods. Parthenogenesis occurs among certain 
crustaceans and insects, and pedogenesis occurs as a rare phenomenon 
among the latter. 

Arthropods are generally characterized by the care they take of their 
eggs and young. Many of them carry their eggs until they hatch, and 
often the young animals are also carried. Among insects a family life 
of remarkable complexity characterizes many species, which often leads 
to the formation of colonies characterized by a division of labor among 
their individual members, as in the case of the bees, termites, and many 
others. 

D%8tribut ion.— Arthropods constitute the largest phylum of animals, 
numbering about 400,000 known species, or four-fifths of all known spe- 
cies of animals. They form also one of the most widely distributed 
groups, being found in all parts of the sea and land. The crustaceans 
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are almost exclusively aquatic and the arachnids and tracheates almost 
exclusively terrestrial and aerial animals. 

History.— Linnaeus gave the name Insecta to all the animals which 
are now included under the Arthropoda, the crustaceans, spiders, and 
myriapods being Insecta aptera. Cuvier in 1800 created the Crustacea 
as an independent class, and Lamarck in 1801 performed the same service 
for the Arachnida, restricting the term Insecta to the Hexapoda and the 
Myriapoda. The last-named group was created in 1796 by Latreille. All 
these animals were joined by Cuvier with the Annelida to form the Ar- 
ticulata, but in 1845 von Siebold separated the Annelida from the others, 
making a class of them under the Vermes, and formed an independent 
group of the Crustacea, Arachnida, and Insecta to which he gave the name 
Arthropoda. 

The phylum contains 3 classes. 

Key to the classes of Arthropoda: 

Ox Aquatic arthropods (with a few exceptions) having gills and 2 pairs of 

antennae 1. Crustacea 

a, Air-breathing arthropods (with a few exceptions). 

a, Antennae absent 2. Abachnoidea 

6 a One pair of antennae present 3. Tbachkata 

Class 1. CRUSTACEA.* 

Aquatic arthropods which breathe by means of gills and have 2 pairs 
of antennae and biramose appendages (Fig. 542). 

External Structure.— An elongated body with distinct segmentation, 
in which the primary division into head, thorax, and abdomen is evident, 
characterizes most crustaceans. A tendency is however present in all the 
groups towards a fusion of the somites and a shortening of the body. 
Those forming the head are always thus fused and are besides often 
joined with some or all of the thoracic somites, forming thus & body 
division called the cephalothorax, which in many crustaceans is wholly or 
partly covered by a bivalve shield called the carapace. 

The appendages are fitted primarily for locomotion and respiration in 
the water and are typically biramose, each consisting of a basal piece, the 
protopodite, and two segmented, terminal pieces, an outer one, the exopo- 
dite (Fig. 516,16) , and an inner one, the endopodite (Fig. 516,17). Although 
this is the primitive condition of the appendage, the performance of special 
functions has in many cases brought about a modification of it and often a 
loss of some of its parts. 

* See "Crustacea," by A. Gerstaecker and A. B. Ortmann. Bronn's "Klass. u. 
Ord. d. Thierreichs," Bd. 5, Abt. 1 and 11, 1866-1901. "Crustacea," by J. S. Kingsley, 
Standard Natural Hist, Vol. 2, 1888. "List of the Crustacea," by Mary J. Rath bun, 
Fauna of New England in Occasional Papers of the Boston Soc. of Nat. Hist, VII, 
1905. 
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Five pairs of appendages are present in the head, the first antennae, 
second antennae, mandibles, first maxillae, and second maxillae. Of these, 
the first pair of antennae (antennules) differs from all the other append- 
ages of the body in not being typically biramose; they are not, however, 
necessarily simple, but the distal portion of the appendage is frequently 
split into two, three, or more branches, called flagella (Fig. 614,1). The 
mandibles are short, stout appendages, fitted for biting, and may bear a 
sensory palp which is the modified endopodite, the exopodite being want- 
ing. The two pairs of maxillae are usually delicate structures whose 
function is probably chiefly sensory. 

The number of thoracic appendages varies greatly among crustaceans. 
The smallest number of pairs (2) is found among ostracods and the 
largest number (60) among the Apodidae. The abdominal appendages 
are wanting in the Entomostraca and in the youngest larval forms of 
most Malacostraca. In adults of the latter group, however, these are 
present on all the abdominal segments except the last one (telson). 

The cuticula of crustaceans is shed periodically. In the smaller 
species it is very delicate and the animal is often quite transparent. In 
the large Malacostraca it contains calcium carbonate as well as chitin and 
is very hard and thick : it is such animals which have given the group the 
name Crustacea. 

Internal Structure (Fig. 623).— The digestive tract is in most crus- 
taceans a straight tube going from the ventrally located mouth to the 
anus at the hinder end of the body. Tubular livers, often very volumi- 
nous, are present in most forms; salivary glands are absent. The ex- 
cretory organs consist of a pair of tubular glands, the kidneys, which 
open to the outside in the neighborhood of the mouth. The respiratory 
organs are lacking in some of the small crustaceans, the outer surface of 
the body performing this function. In most of them, however, gills are 
present, as projections of the thoracic or abdominal appendages or of 
the sides of the body. 

With the exception of most of the Cirripedia, which are all either 
sessile or parasitic, all crustaceans are unisexual. Among the Phyllopoda 
and Ostracoda parthenogenesis is common. In the lower crustaceans the 
animal usually leaves the egg as a nauplius larva, a minute animal with 
three pairs of appendages, of which the first pair is uniramose and the sec- 
ond and third pairs are biramose. With a few exceptions (Peneus, Lucifer) 
all the higher crustaceans pass through the nauplius stage while still in 
the egg and are born in some later stage of development. Many of them, 
as the crayfish, have the form of the adult when born, the entire meta- 
morphosis having been completed in the egg. 

Habits and Distribution.— The sowbugs, land crabs, and a few other 
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forms live on the land, but all others are aquatic animals. The majority 
of these live in the sea, the PhyUopoda being the only order which is 
better represented in fresh than in salt water. Crustaceans feed largely 
on decaying animal and plant substances. Many are parasitic, especially 
among the Copepoda, Cirripedia, and Isopoda. The barnacles are the 
only sessile crustaceans. 

History,— Crabs and other decapods have been known and used for 
food from time immemorial. They were first described by Aristotle who 
calls them Malacostraca or soft-shelled animals in contradistinction to the 
hard-shelled mollusks. Linnaeus placed them among the In$ecta aptera. 
The lower crustaceans were seen by the earlier microscopists, but very 
little studied or understood until the time of 0. F. Miiller, who in 1785 
brought together a large number and called them Entomostraca, or insect- 
like crustaceans. Cuvier, Latreille, and Lamarck in the first years of the 
new century introduced the term Crustacea to include all crustaceans, 
although the term had already been used as a synonym of Malacostraca. 
The creation of the various orders of crustaceans is largely due to La- 
treille, who introduced the names Branchiopoda, Isopoda, Amphipoda, 
Decopoda, and Phyllopoda. Milne-Edwards formed the order Copepoda, 
and Burmeister introduced the terms Arthrostraca and Thoracostraca. 

American crustaceans have attracted many able investigations from 
the time of Thomas Say in the first quarter of the last century to the pres- 
ent time. In 1852 appeared the Crustacea of the Wilkes Expedition, by 
James Dwight Dana, which was one of the most important zoological 
works of the day. This and the works of Say, Stimpson, S. I. Smith, 
and others form the groundwork of our present knowledge of American 
forms. 

The class contains about 16,000 species, grouped in 2 subclasses. 

Key to the subclasses of Crustacea: 

Oj Small, often minute crustaceans without abdominal appendages. 

1. Entomostraca 
o, Larger crustaceans usually with abdominal appendages. . .2. Malacostraca ' 

Subclass 1. ENTOMOSTRACA. 

Small crustaceans, the majority of which are under a centimeter in 
length; somites variable in number; head, thorax, and abdomen usually 
distinctly marked, but in many the head and one or more thoracic somites 
are fused together, forming a cephalothorax ; body either elongate with 
distinct segmentation or much shortened and enclosed in a chitinous shell 
called the carapace; parasitism has produced great changes in the form 
of many entomostraceans so that all semblance of the crustacean form is 
often lost ; appendages confined to the head and the thorax, 5 pairs being 
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cephalic and the thoracic appendages varying in number from 2 pairs 

to 60 : 4 orders with about 4,800 species. 

Key to the orders of Entomostraca: 

a* Free swimming or parasitic on fish (rarely on other animals). 
&t Thoracic appendages flattened and leaf -like; body either elongate and 
segmented or short and more or less covered with a carapace. 

1. Phtllofooa 
5g Body either elongate and segmented with cylindrical thoracic appendages, 

or greatly modified when the animals are parasites 2. Copkpoda * 

o a Body short and tmsegmented and entirely enclosed in a bivalve cara- 
pace 3. Ostracoda* 

«a Body sessile and enclosed in a calcareous shell (barnacles) or parasitic 

on decapods or mollusks sV-ffnmraCPiA 

Order L PH7LL0P0DA.* 

Thoracic appendages flat and leaf -like, as the name indicates, being 
organs of respiration; body either long and vermiform and composed 
of numerous segments or short and compact and unsegmented; carapace 
usually present; parthenogenesis common, the usual eggs being relatively 
small and thin-shelled and called summer eggs; at the approach of a 
period of drought or cold males are born from the parthenogenetic eggs 
which fertilize the females, land the eggs which these then lay are large 
and thick-shelled and called resting or winter eggs, and are capable of 
enduring the winter's cold or the summer's drought, if need be: 2 sub- 
orders and more than 600 species, most of them being fresh-water animals, 
living in pools, lakes, and streams containing the minute algae which form 
their principal food. 

Key to the suborders of Phyllopoda: 

Ox Body elongated and distinctly segmented 1. Branchiopoda * 

«, Body short with indistinct segmentation or without any, and usually with 

a bivalved carapace 2. Cladooera 

Suborder l. BRANCHIOPODA. f 

Elongated phyllopods with numerous distinctly marked segments, and 
either with or without a carapace; the young born as nauplii: several 
families and over 100 species, which, with a few exceptions, live in fresh 
water. 

Key to the families of Branchiopoda here described: 

Ox Carapace absent 1. Branchipodidae 

o, Carapace present. 

b, Carapace flattened dorsoventrally and arched 2. Apodidae 

ft. Carapace compressed laterally 3. Limnadiidae 

• See "Die Sflsswasserfanna Dentschlands," Heft 10, 1909. 

t See "Pbyllopod Crustacea of North America," by A. S. Packard, 12th Ann. Rep. 
U. S. Oeol. Sur. of the Ter., 1878 (1883), pt. 11, p. 294. 
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Family 1. BRANCHIPODIDAE. 

Body elongate, being composed of many segments and without cara- 
pace; head distinctly set off; first antennae filiform; second antennae of 
male used for clasping the female, being very large and composed of 2 elon- 
gated segments and with or without extra frontal appendages between 
them; thoracic segments and appendages mostly 11; abdominal segments 
8 or 9 in number; 2 stalked eyes present; a pair of egg sacs extend from 
the last thoracic segment of female: 8 genera; the animals live in fresh 
and salt pools and swim on their backs. 

Key to the genera of Branchipodidae here described : 

Ot Frontal appendages present 

&! Frontal appendages simple in form 1. Bbanchtpus 

ft, Frontal appendages branched 2. Chibocephalus 

a, Frontal appendages absent. 

&! Abdomen with 8 segments 3. Abtemia 

&, Abdomen with 9 segments 4. Branchinecta 

1. Branchipttb Schaeffer. Beween the second antennae of male 
are 2 unbranched frontal appendages ; abdomen consisting of 9 segments 

t 

3 

I 

Fig. 507 Fig. 508 

Fig. 507 — Branchipus vemalte — male (Packard). 1, first antenna; 2, second 
antenna ; 3, frontal appendage. Fig. 508 — Chirocephalus holmani — front view of 
bead of male (Packard). 1, eye; 2, first antenna; 3, second antenna; 4, frontal 
appendage. 

and 2 long caudal projections which have setose margins: 2 American 
species. 

B. vernalis Verrill. The fairy shrimp (Fig. 507). Body semi- 
transparent and pinkish in color; length 23 mm.; frontal appendages 
broad and flat: eastern North America, in fresh- water pools during the 
spring, autumn, and winter, passing the summer as resting eggs; often 
common, but sporadic. 

2. CHHtoCEPHALTTS Prevost. Between the second antennae of male 
2 very long, branched, and coiled frontal appendages; abdomen con- 
sisting of 9 segments and with 2 long, broad caudal projections with setose 
edges: 1 American species. 

0. holmani Ryder (Fig. 508). Body slender, 15 mm. long: eastern 
North America (Philadelphia, Long Island). 
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3. Astexxa Leach. No frontal appendages present; second joint of 
second antennae flat and triangular; abdomen of 8 segments and with 2 
very short caudal projections; egg sac short: several 

species, all in salt pools and lakes; 2 American species. 

A. gracilis Verrill (Fig. 509). Body semitranspar- 
ent, pink or green in color, 10 mm. long: eastern and 
central North America, as far west as Great Salt Lake. 

A. franciscana Kellogg. Body translucent whitish 
or dull brick red in color and slender ; length 13 mm. ; 
caudal appendages with setose edges: California. 

4. Bbakchtneota* Verrill. No frontal append- 
ages between second antennae, the second joint of 

I which is simple and slender; ab- 

domen of 9 segments; egg sac 
long and slender: 3 species, in the 
western states. 

B. coloradensis Packard (Fig. 510). Length 18 
mm.; second antennae large, and broad and bent in, 
and not serrate: very common in Colorado. 





Artemia groom* 

(Packard). 

1, first antenna 

2, second antenna 

3, ovisacs 



Pig. 510 

Branchinecta 

colorodenrt* — 

front view of head 

of male (Shantz). 

1, first antenna 

2, second antenna 



Family 2. APODIDAE. 

Body elongate and composed of many segments, 
and with an oval, low-arched carapace covering the 
head and thorax; eyes sessile; first antennae short and 
filiform with 2 or 3 flagella; second 
antennae minute or wanting in the 

adult; 40 to 60 pairs of broad feet, the first pair end- 
ing with 3 long, slender branches, the eleventh pair 

forming egg capsules in the female; 2 long caudal 

bristles; larva a nauplius: 2 genera; in fresh water. 
Apus Schaeffer (Triops Schrank). With the 

characters of the family: about 4 American species, 

all in the western states. 

A. lucasanufl Packard (Fig. 511). Telson with 

3 central spines; length, with caudal bristles, 41 mm.: 

western America, abundant in Kansas. 




Fig. 511 

Apus lucosanus 

(Packard). 



Family 3. LIMNADIIDAE. 



Body elongate and entirely enclosed in an oval laterally compressed 
carapace, which gives the animal the appearance of a bivalve mollusk; 



• See "Notes on the North Am. Species of Branchinecta," 
Biol. Bull., Vol. 9, p. 249, 1900. 



etc., by H. L». Shanti, 
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eyes sessile and close together; first antennae minute, second large, with 

2 terminal branches; 18 to 28 pairs of broad feet, the first or the first 

and second pairs being prehensile in the male: in fresh water, differing 

from the Cladocera and Ostracoda in being much larger and in having 

distinct segmentation and more appendages and an abdomen which is not 

bent under the thorax; about 5 genera. 

Key to the genera of Limnadiidae here described : 

Ox Lines of growth on shell ; 24 pairs of feet 1. Ctzicus 

o, No lines of growth ; 10 to 12 pairs of feet 2. Limnetxb 

1. CYZICTJS Audouin (Esihe- 
ria Riippell). Shell oval and 
opaque, amber-colored ; body 
rather thick; head with a long 
narrow rostrum; about 24 pairs 
of flat feet, the first two pairs 
being prehensile in the male: 
numerous species, about 8 in 
America, all in the West. 

Big. 512-Czicua morsel (Packard). °- morsei (Packard) (Fig. 

512). Shell 12 mm. long, 8 mm. 
high, and 6 mm. across; the two branches of second antennae with 17 
and 16 joints each: widely distributed throughout 
the central and western parts of the country. 

2. Lzxnetis Loven. Shell oval or spherical, with 
no lines of growth ; head with a large rostrum ; 11 or 
12 pairs of feet, the first pair being prehensile in the 
male; eggs carried in a dorsal brood chamber: 4 
species in America. 

L. gouldi Baird (Fig. 513). Body rather thick; rig. 513 — ^wm 
a * -*u i<* * • u u u gouldi (Packard), 

second antennae with 16 segments in each branch; 

length of shell 3 mm. ; breadth 2.5 mm. ; color pink ; eyes black : eastern 

and central America, westward to the Mississippi. 

Suborder 2. CLADOCERA. 

Water fleas. Body usually short and compact, without segmenta- 
tion, and enclosed in a bivalve carapace; 4 to 6 pairs of thoracic ap- 
pendages; first pair of antennae often minute, second pair very large, 

• See "Notes on Cladocera," by B. A. Birge, Trans. Wis. Acad., Vol. 4, 1878. 
"List of Crustacea Cladocera from Madison, Wis.," by same, ditto, Vol. 8, 1891. 
"Notes on Cladocera," by same, ditto, Vol. 9, 1892. "Synopsis of the Ento- 
inostraca of Minnesota," etc., by C. L. Herrick and C. H. Turner, Second Rep. of 
State Zool., 1895. "The Cladocera of Nebraska," by Charles Fordyce, Stud, from the 
Zool. Lab. of the Univ. of Neb., No. 42, 1901. 
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with the two branches (exopodite and endopodite) prominent, and used 

for swimming; abdomen small and usually bent under the thorax; 2 

large compound eyes which in many species unite to form a single 

median eye; a large dorsal brood sac in the female in which the eggs 

develop, the young animals being born with the form of the parent; 

the winter eggs are often provided with an extra shell called the ephip- 

pium, consisting of 2 chitinous plates, like watch crystals, whose edges 

fit together, one, two, or more eggs being in a single ephippium: about 

8 families and several hundred species, most of which live in fresh water. 

Key to the families of Cladocera here described : 

0! Carapace enclosing the entire body. 
b t One branch of second antennae with 2 segments, the other with 3.1. Sididae 
da One branch of second antennae with 3 segments, the other with 4. 

Cl First antennae minute 2. Daphnidae 

c, First antennae long and beak-like 3. Bosminidae 

6, Both branches of second antenna with 3 segments 4. Ltnceidae 

a, Carapace not enclosing the legs and the abdomen. 
&t Abdomen curved and rudimentary; 4 pairs of legs; fresh and salt 

water 5. Polyphemidae 

5, Abdomen straight and very large ; 6 pairs of legs 6. Leptodoridae 

Family 1. SIDIDAE. 

Head large and separated from the body by a depression and usually 
with a beak; first antennae one- jointed; but long in the male, with a 
long terminal flagellum; second antennae very long, the two branches 
having 2 and 3 segments respectively; 6 pairs of legs; heart elongate 
and intestine straight, without liver sacs: several genera. 

Key to the genera of Sididae here described : 

o, Dorsal branch of second antennae three- jointed 1. Sida 

a, Dorsal branch of second antennae two-jointed. 

b t First joint of second antennae with a long side branch 2. Latona 

\ No such side branch 3. Daphnella 

1. Szda Straus-Durkheim. Ventral branch of v 9 * 
second antennae with 2 segments; dorsal branch 
with 3 segments; beak distinct: several species. 

S. arystallina (0. F. Miiller) (Fig. 514). Shell 

elongate with rounded ends; first antennae in male * f 3 

long, short in females ; body colorless, sometimes Fig. 514 — Sida cry* 

with brown, red, and blue spots; length 2 mm.: in Deut.). 1, second' an- 

clear lakes ; often widely distributed ; often com- na ; & abdomen ; e % 

mon; Europe. brood sac. 

2. Latona Straus-Durkheim. Ventral branch of second antennae 
with 3 segments, dorsal branch with 2 segments, the first segment having 
a long side branch: 1 species. 
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L. setifera (0. F. Miiller). Body and appendages very setose; color 
yellowish, often with spots; length 3 mm.: among weeds in clear lakes; 
widely distributed; Europe. 

3. Daphnella Baird. Ventral branch of second 
antennae with 3 segments; dorsal branch 2 segments; 
beak absent; no teeth on the abdomen; first antennae 
short in female: several species. 

D. brachynra (Lievin) (Fig. 515). Length .7 mm.: 
in clear water; widely distributed; Europe. 
Family 2. DAPHNIDAE. 
Body oval; head rounded, usually with a short beak; first antennae 
usually minute, consisting of a single segment; the 2 branches of the 
second antennae consisting of 3 and 4 segments respectively; 5 pairs of 
legs, the last pair separated from that next to it; intestine not coiled 
and with a pair of liver sacs : about 12 genera. 



Fig. 515 

Daphnella 

brachpura 

(Stissw. F. Dent.). 

1, second antenna 
2, first antenna 




HI 

Fig, 516 — Daphnia pulcx (Kingsley). 1, first antenna ; 2, second antenna : 3. eye ; 
4. optic ganglion; 5, brain; 6, liver sac; 7, intestine; 8, kidney; 9, heart; 10. brood 
sac with two eggs; 11, abdomen; 12, anus; 13, ovary; 14, legs; 15, mouth; 16, 
exopodite ; 17, endopodite. 

Key to the genera of Daphnidae here described : 
a, Head terminating ventrally in a beak. 
6 X Head not separated from body by a dorsal notch; shell with a caudal 

spine at the upper posterior angle 1. Daphnia 

6 a Such a notch present 
Cx Shell abruptly truncated behind, with a short spine at the lower 

posterior angle 2. Sgapholeberis 

c, Shell rounded below, with a blunt spine above 3. Simocephalus 

a, No beak, or a rudimentary one, present. 

b x Abdomen not enclosed by shell 4. Moina 

b t Shell enclosing the whole abdomen 5. Ceriodaphnia 

1. Daphnia 0. F. Miiller. A sharp caudal spine, extending from 
the upper posterior angle of shell; head not separated from the body by 
a dorsal notch: about 50 species. 

D. minnehaha Herrick. Caudal spine less than half the length of 
the shell? general form oval, tapering behind; length 1.8 mm.; a project- 
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ing spur present on the dorsal margin of the head, which in males and 
young females has from 1 to 4 sharp teeth : Wisconsin and Minnesota. 

D. pnlex DeGeer. The common daphnia (Fig. 516). Body oval, 
often reddish ; a prominent beak on the under side of the head ; length 2 
mm. or more : very common and widely distributed in America and Europe. 

D. hyalina Ley dig (Fig. 517). Body oval; caudal spine almost 
as long as body; head extended forward in a helmet-like crest but very 
variable in shape and size; length 1.8 mm.: widely distributed in this 
country and Europe. 

2. Scapholeberib Schodler. Body short with a truncated hinder 
end from the lower margin of which a pair of caudal spines, which are 
sometimes very short, extend backwards: 6 species. 




Pig. 517 '" '" Fig. 518 Fig. 519 

Fig. 517 — Daphnia hyalina (Herrlck). Fig. 518 — Scapholeberis mucronata (Herrick). 
Fig. 519 — Simocephalus vetulus (Stissw. F. Deut.). 

S. mucronata (O. F. Miiller) (Fig. 518). Spines short; color dark; 
length .8 mm.: common in eastern America and in Europe. 

S. SmoCEPHALXTS Schodler. Body obliquely truncate behind, with- 
out a caudal spine; abdomen with 2 dorsal processes: 8 species. 

8. vetulus (0. F. Miiller) (Fig. 519). Body large, short, and high ; head 
rounded in front, 2.5 mm. long: common in eastern America; Europe. 

8. 8ermlatus (Koch). Head narrow, extending forwards sharply; 
length 2 mm.: central United 
States; Europe. 

4. Moiha Baird. Head with- 
out beak; first antennae long; the 
end of the abdomen not covered 
by the shell; pigment spot (acces- 
sory eye) absent: about 10 spe- 
cies; in muddy swamps, often in 
impure water. 

M. brachiata (Jurine) (Fig. 520). Body almost as high as long, 
greenish in color; 1.3 mm. long: eastern America; Europe. 

5. Oeriodapenia Dana. No beak present; first antennae short; 
head rounded; shell oval or circular, and reticulate: about 20 species; 
often in foul water. 

0. reticulata (Jurine). Claws of abdomen dentate; length .8 mm.: 
eastern and central America; Europe. 




Fig. 520— Moina brachiata (Herrlck). 



Digitized by 



Google 




336 CRUSTACEA 

Family 3. B08MINIDAE. 
First antennae greatly elongated and extending from the beak forms 
a long curved proboscis; 5 pairs of feet and rudiments of the sixth; 
second antennae small; pigment spot (accessory eye) wanting; intestine 
straight and without liver sacs: 1 genus. 

BosxnrA Baird. With the characters mentioned above: about 20 
species; mostly bottom forms. 

B. longirostria (0. F. Miiller) (Fig. 521). 
Shell oval with hexagonal markings and with 
\ a caudal spine projecting from the ventral 
margin; length .35 mm.: very common in east- 
ern and central America; Europe. 
% w 

P, g 521 Family 4. LYNCEIDAE. 

BosmingJongrostriB Second ^^ smaU> each bnmch q£ 

1, first antenna ; 2. second i_ •_»• u o « • * *■ 

antenna ; 3 egg in each consisting oi o segments ; pigment spot 

the brood sac (accessory eye) very large; intestine bent or 

coiled and usually without liver sacs: the largest cladoceran family, 
containing about 20 genera. 

Key to the genera of Lynceidae here described : 

Ox Intestine not coiled or bent 1. Eubycebcus 

a, Intestine coiled. 

o t A dorsal keel on head 2. Acbofbbus 

ft, No keel. 

Ox Body oval or elongate, 
dj Outer margin of post-abdomen concave in outline; second antennae 

with 7 long setae 3. Gbaptolebebis 

d, Outer margin of post-abdomen straight. 

e» Terminal claw of abdomen with 1 basal spine 4. Alona 

e, Two basal spines present 5. Pleuboxus 

c 3 Body globular ; animals minute 6. Chtdobus 

1. Extbyoebcxts Baird. Body large and oval with short antennae; 
intestine bent like an S and with liver sacs: 1 species. 

£. lamellatus (O. F. Miiller) (Fig. 522). Body very large, being 
sometimes 3 mm. long; hinder side of the abdomen serrate: central 
states; Europe. 

2. Acbopebxtb Baird. Body minute, elon- 
gate, with a long, broad abdomen; head and 
back with a keel; shell with diagonal mark- 
ings; intestine coiled: 3 species. 

A. harpae Baird (Fig. 523). Body truncate 

behind; length .7 mm.: widely distributed over Fig. 522 — Burycercvs lam&- 

, x 14 V. «•!«• (Sttssw. P. Deut.). 

eastern and central America ; Europe ; common. 

3. Gbaptolebebis Sars. Body minute, elongate; posterior margin 
straight; second antennae with 7 long setae: 1 species. 
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O. testudinaria (Fischer) (Fig. 524). Length .7 mm.; shell reticu- 
late: eastern and central America; Europe. 

4. Aloha Baird. Body minute, more or less oval or rectangular 
in form, with small antennae, the second having 8 setae; with a coiled 
intestine: numerous species, which are very variable in form. 

A. quadrangnlaris (0. F. Miiller) (Fig. 525). Body oval or quad- 
rangular; pigment spot smaller than eye, abdomen very broad and short; 






Fig. 523 Fig. 524 Fig. 525 

Fig. 523 — Acrqperus harpae (Herrlck). Fig. 524 — Graptoleberis tsstudinaria (Stlssw. 

F. Dent.). Fig. 525 — Alona quadrangnlaris (Stlssw. F. Dent). 

shell smooth and yellowish in color; length .9 mm.: widely distributed 

over eastern and central America; Europe. 

5. Pletooxus Baird. Front end of head long and pointed, forming 
a beak; shell with an arched dorsal edge; intestine coiled: numerous 
species. 

P. procurvus Birge (Fig. 526). Hinder margin of shell denticulate; 
beak curved upwards, forming a hook; length .5 mm.: eastern and 
central America, 

6. Ohtdoexts Leach. Body minute, spherical, with a long curved 
beak; antennae short; intestine coiled: 8 species. 





Fig. 526 



Fig. 527 




Fig. 528 



Fig. 526 — Pleuroxus procurvus (Herrlck). Fig. 527 — Chydorus sphcricus (Herrlck). 

Fig. 528 — Polyphemus pediculus (SUssw. F. Deut.). 1, first antenna ; 

2, second antenna ; 3, brood sac ; 4, abdomen. 

0. sphericus (0. F. Miiller) (Fig. 527). Shell reticulated; pigment 

spot almost as large as the eye; color yellowish; length .4 mm.: widely 

distributed over eastern and central America; Europe. 

Family 5. POLYPHEMIDAE. 
Carapace not enclosing the legs and abdomen, and serving only as 
a brood sac; 4 pairs of legs which lack the flattened respiratory pro- 
jections of other Phyllopoda; abdomen slender, with 2 long caudal 
spines; head very large, with a single large eye and large second anten- 
nae.; 4 genera.. 
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Fig. 529 



Fig. 530 



Fig. 529 — Evadne nordmanni (Sharp*), 

A, female ; B, male. 
Fig. 530 — Podon leuckarti (Staarpe). 



Key to the genera of Polyphemidae here described : 

Ox Fresh-water animals 1. Polyphemus 

o, Marine animals 2. Evadne 

b x Head and thorax continuous dorsally. 

6, Head and thorax separated by a notch 3. Podon 

1. Polyphemus O. F. Miiller. 
Head separated from thorax by a 
dorsal depression: 2 species. 

P. pediculus (L.) (Fig. 528). 
^Zjr\^^ Jjfi££?/7/' N J Length 1 mm.; body highly colored 

jggT ^^^ a W JWkc^-^ ^ut transparent : usually in deep lakes 
&Wir lr& and rivers; a back-swimmer; widely 

distributed throughout America and 

Europe. 

2. Evadne Loven. Head and 
thorax not separated by a dorsal depression; brood sac very high; 
antennae small: 3 species; marine. 

E. nordmanni Lov. (Fig. 529). Outer branch of third pair of legs 
with a single spine; length 1.15 mm. or less; colorless: very common 
along the Atlantic coast. 

3. Podon Lilljeborg. Head and thorax separated by a dorsal depres- 
sion: several species; marine. 

P. leuckarti (Sars) (Fig. 
530). Length 1 mm.; both 
branches of the second an- 
tennae with 6 bristles each: 
common along the Atlantic 
coast occurring with the pre- 
ceding; Europe. 

Family 6. LEPTODORIDAE. 

Shell rudimentary and not covering the 
legs or the long, segmented abdomen; 6 
pairs of cylindrical legs, the first pair 
being much larger than the others; 2 ter- 
minal claws on the abdomen: 1 genus. 

Leptodora Lilljeborg. With the 
characters mentioned above: 1 species. 

L. hyalina Lillj. (Fig. 531). Body elongate; first antennae small 
in female, but very long in male; length 9 mm.; transparent: in clear 
fresh-water lakes in America and Europe; it comes to the surface usually 
only on dark nights. 




Fig. 531 — Leptodora 
hyaUna. 1, first anten- 
na ; 2, second antenna ; 
3, shell. 
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Order 2. COPEPODA.* 

Body elongated, the thorax and abdomen being usually distinctly 
segmented, and made up of 15 somites, 5 of which are united to form the 
head and 5 form each the thorax and the abdomen. The head and thorax 
together form the cephalothorax. In many forms fusion takes place 
between the head and the first thoracic somite, or between the fourth 
and the fifth thoracic somites, so that but 4 free thoracic segments are then 
present. The abdominal somites are also often united in the female, the 
first and second invariably. The last abdominal segment ends with 
the furca, a pair of terminal projections bearing a definite number of long 
caudal bristles. In the parasitic copepods the form and structure of the 
body have often been profoundly changed, and all semblance to the typical 
copepod form may have been lost. Ten pairs of appendages are present, 
5 of which are cephalic and 5 thoracic. The first pair of antennae 
is uniramose and is longer than the second and may be used for locomo- 
tion; in the male either one or both of the first pair are often modified 
to form clasping organs. The second pair is biramose (but occasionally 
uniramose) and sometimes provided with prehensile hooks and spines. 
A poisonous sting is present in front of the mouth in Argulus. The 
thoracic appendages are biramose swimming legs (Fig. 542,6), which are 
without gills. Except in the Pontellidae and the Argulidae a single 
median eye is present. 

The genital openings are in the first abdominal segment: except in 
the Argulidae the female carries her eggs in 1 or 2 gelatinous masses, 
the so-called egg sacs, which project from the segment into the water. 
The young animal is born as a nauplius. 

More than 2,200 species of copepods are known, of which nine-tenths 
are marine. About half of these are non-parasitic and form one of the 
most important elements in the plankton, because of their enormous 
numbers: they are among the most important scavengers of the sea 
and form besides the principal food of herrings and many other fishes. 
The parasitic copepods are called fish lice and live on the external surface 
and gills of fishes and occasionally on squids and other animals. The 
order contains about 20 families grouped in 2 suborders. 

• See "Die freilebenden Copepoden," etc., by C. Clans, 1863. "Deutschlandi 
fretlebende Stisswasser Copepoden/' by O. Schmeil, Blbliotbeca Zoologica, 1892-1896. 
"Synopsis of the Entomostraca of Minnesota," etc., by C. L. Herrick, Sec. Rep. of 
State Zool., 1895. "Copepoda of the Woods Hole Region," by W. M. Wheeler, Bull. 
U. 8. Fish. Com. for 1899, Vol. 19, p. 157. "Freshwater Copepoda of Mass.," by 
A. S. Pearse, Am. Nat., Vol. 40, p. 241, 1906. "Notes on Marine Copepoda of R. I.," 
by L. W. Williams, Am. Nat., Vol. 40, p. 639, 1906. "Stisswasserfauna Deutschl.," 
Heft 11, 1909. "Notes on the Marine Copepoda and Cladoeera of Woods Hole," etc., 
hy B. W. Sharpe, Proc U. S. Nat. Mus., Vol. 38, p. 405, 1911. 
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Key to the suborders of Copepoda: 

Ox The female carries egg sacs 1. Eucopepoda 

a, No egg sacs present 2. Branchtura 

Suborder 1. EUCOPEPODA. 
Body elongate; mouth parts biting in the free and sucking in most 
of the parasitic forms: 15 families. 

Key to the families of Eucopepoda here described : 
o, Free-swimming forms (with a few exceptions). 
b t First antennae 17 to 25-jointed, being very long, usually as long as the 
body ; but 1 egg sac. 

Ci First antennae prehensile in male ; animals marine 1. Calanidae 

c, Right first antenna prehensile ; marine and fresh-water animals. 

dj First pair of legs normal ; but 1 eye present 2. Centropagidab 

d, First pair of legs weak or rudimentary ; 3 eyes usually present 

3. PONTEIXIDAE 

bt First antennae not more than 17-jointed ; usually 2 egg sacs. 
c t Abdomen markedly narrower than thorax ; 2 egg sacs ; mostly fresh- 
water animals ., 4. Cyclopidae 

c, Abdomen not markedly narrower than thorax 5. Harpacticidar 

a, Parasitic forms, but which may usually be free-swimming at times. 
6 X Segmentation distinct. 

Ox Body with the usual number of segments ; first antennae 5 to 7- jointed. 
Ot Segmentation indistinct and irregular. krgasilidae 

dx Body wide and flat 7. Caugidae 

d t Body elongate. 8. Dichelestudae 

6, Segmentation wanting or indistinct in the egg-bearing female. 

Cx Legs rudimentary ; proboscis present ; body worm-like 9. LERNiBiDAE 

o, Legs rudimentary or wanting; no proboscis present; body worm- 
like 10. Chondracanthtdae 

c, Legs wanting ; proboscis present ; body thick and sac-like. 

11. Lernjbopodidae 

Family 1. CALANIDAE/ 
Body elongate; first antennae very long, with 
23 to 25 joints, in the male but slightly modified ; 
second antennae large and biramose; first 4 pairs 
of legs biramose, outer branch 3-jointed ; fifth pair 
A H * S~A either like the preceding or modified and unlike 

™ on the two sides; heart present; a single egg sac 

present : 26 genera, and over 100 species, all marine. 
maXie"*)^ 1. Oalanto Leach. Thorax composed of 

B? r ba 1 L a i 8 portio , D oTflfti either 4 or 5 segments, the last one being some- 
pair of legs, times asymmetrical; first antennae 25 jointed in 
the female: many species. 
0. finmarchicns (Gnnnerus). Brit (Fig. 532). Length about 4 mm.; 
color yellowish or reddish, but sometimes absent; thorax of 5 segments; 
fifth pair of legs biramose; first antennae as long as the body: New Eng- 
♦ See "Copepoda/* by W. GJesbrecbt wd 0, Schmell, Das Tierrelch, 1898. 
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land coast, a widely spread, pelagic species, sometimes so abundant that 
the sea is colored yellow or red, and of great economic importance 
because it forms an important source of food of herring and mackerel, 
as well as of the Greenland whale. 

0. minor Claus. Length about 1.8 mm.; thorax of 4 segments; fifth 
pair of legs biramose; 
first antennae not as long 
as the body: Gulf stream, 
off New England, a wide- 
ly spread species. 

2. Galooalakus < 
Giesbrecht. Thorax of 
female consists of 3 seg- 
ments, the first somite 
being fused with the 

bead, and the fourth with 

M „ M% ., , , Fig. 533 — Calocalanua pavo (Wheeler). 

the fifth somite; abdo- 
men of female of 2 or 3 segments; abdomen of male of 5 segments; 
caudal spines very long and plumose: 3 species. 

0. pavo (Dana) (Fig. 533). Abdomen of female of 2 segments; 
caudal bristles symmetrical, branched, and spreading; length 1 mm.; 
body transparent and reddish: a tropical species which may be found in 
the Gulf stream off New England. 

Family 2. CENTBOPAGIDAE.* 
Body elongate; first antennae very long, with 23 to 25 joints in the 
female; the right one (sometimes the left) in the male being prehensile; 
second antennae large and biramose; heart present; first 4 pairs of legs 
biramose, the outer branch being 3-jointed, the inner branch 1 to 3- 
jointed; fifth pair of legs biramose, often modified for clasping; a single 
egg sac present : about 25 genera and 200 species ; in salt and fresh water. 

Key to the genera of Centropagidae here described : 
Ox Marine animals. 
6t First antennae with 24 segments. 

Cx Thorax of 5 segments 1. Centbopages 

c, Thorax of 4 segments 2. Temoba 

6, First antennae with 23 segments 3. Metbidia 

a, Both marine and fresh-water animals. 
6, First antennae with 25 segments; fifth feet biramose. .. .4. Limnocalanus 

6, First antennae with 24 segments ; fifth feet uni ramose 5. Eubytemora 

a, Fresh-water animals ; first antennae with 25 segments. 

5j Fifth feet uniramose ; abdomen asymmetrical 6. Epischura 

5, Fifth feet biramose ; inner branch of first pair of feet 2- jointed. 

7. DIAPTOMU8 

• See "The North American Centropagidae," etc., by F. W. Schacht, Bull, of 111. 
fit Lab., Vol. 5, p. 225, 1898. 
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Fig. 534 
Centropages 

tppicus — 

dorsal aspect 

of female 

(Wheeler). 



1. Oshtbofaoss Kroyer. Thorax of 5 segments; abdomen of male 
of 5, of female of 4 segments; first antennae with 24 segments; the 2 
branches of all 5 pairs of legs 3-jointed: 13 species; 
marine. 

0. typicus Kr. (Fig. 534). Fifth thoracic segment 
with 2 lateral projections; first abdominal segment of 
female with 4 thorn-like bristles; length 2 mm.; color 
reddish or bluish, translucent: coast of New England; 
Europe. 

2. Temora Baird. Furca long and slender; f ureal 
bristles short; thorax of 4 segments; abdomen of male of 
5, of female of 3 segments; first antennae with 24 seg- 
ments ; the 2 branches of the 5 pairs of legs 2 to 4-jointed : 
5 species; marine. 

T. longicornis (O. F. Miiller) 
(Fig. 535). Length 1.5 mm.: 
Woods Hole; very common, especially in the 
winter; Europe. 

3. Metbidia Boeck. Thorax of 4 seg- 
ments, abdomen of male with 3 segments; first 
antennae with 23 segments; the 2 branches of 
the first 4 pairs of legs 3-jointed; of the fifth 
pair 2 to 4-jointed in female and 5-jointed in 
the male: 10 species; marine. 

M. lucens Boeck (M. hibernica Brady and 
Robertson) (Fig. 536). Length 2.5 mm.: New 
England coast; Europe. 
4. Lixnooalaots 
G. 0. Sars. Thorax of 5 segments ; abdomen in 
female with either 3 or 4 segments, in male 
with 5; body slender; furca very long; first 
antennae 25-jointed ; all the legs biramose, both 
branches 3-jointed, except the outer branch of 
male, which may be 2-jointed: 3 species; in 
fresh and salt water. 

L. macrums G. O. Sars. Right outer 
branch of fifth foot in male indistinctly 3- 
jointed with a hook-like process on second 
segment; length 2 mm.; color hyaline: cosmo- 
politan; often common in deep lakes; Europe. 
5. Eurytemoea Giesbrecht. Thorax of 5 segments; abdomen of 
male with 5, of female with 3 segments; first antennae about as long as 




Fig. 536— Metridia lu- 
cens (Wheeler). A, dor- 
sal aspect of male; B, 
fifth pair of legs of male : 
C. fifth pair of legs of 
female. 




Fig. 535 — Temora lon- 
frtcomi* (Wheeler). A, 
dorsal aspect of female ; 
B, fifth pair of legs of fe- 
male : C, fifth pair of legs 
of male. 
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the thorax and 24- jointed; fifth feet uniramose: 7 species; in fresh, 
brackish, and salt water. 

£. hirnndoides (Nordquist) (Fig. 537). Last thoracic segment of 
female with 2 large projections; length 1.16 mm.; transparent, with yel- 
low bands: Gulf of Mexico and its estuaries, abundant; 
Boston and Narragansett Bays; Europe. 

6. Episghtoa Forbes. Thorax of 5 segments; abdo- 
men 4-jointed in female, in male 5-jointed, asymmetrical 
and with prehensile processes on right side; first 4 pairs 
of legs biramose, the outer branch 3-jointed, the inner 
branch 1- jointed ; fifth pair uniramose, prehensile in male : 
3 species; in fresh water. 

£. lacnstris Forbes. Length 1.7 mm.; second ab- 
dominal segment as long as the rest of the abdomen: in 
deep lakes; central and western America. 

7. DlAPTOMTO* Westwood. Thorax usually of 5 seg- 
ments; abdomen of male with 4, female with 3 segments; first antennae 
with 25 joints ; inner branch of first pair of legs 2-jointed, outer branch 
3-jointed ; both branches of legs 2 to 4 are 3-jointed ; fifth pair irregular 
in form, the inner branch being often rudimentary, the outer branch 
usually 4-jointed in the female, and 5-jointed in the male: about 80 
species, of which 34 are American; in fresh water. 




Fig. 537 

Eurytemora 

hirundoidea 

(Herrick). 






Pig. 538 



Fig. 539 



Fig. 538 — Diaptomwa oregonenaia (Pearse). A, dor pal aspect of female; B, fifth 
leg of female ; C. fifth leg of male. Fig. 539 — Dioptomua leptopua. A, lateral aspect 
or body (Herrick) ; B, fifth leg of female. 

D. oregonensifl Lilljeborg (Fig. 538). Body small, 1.5 mm. long; 
first abdominal segment of female expanded and equal in length to rest 

• See "The North Am. Species of Diaptomus,'* by F. W. Sehacht, Bull. 111. St. Lab., 
Vol. 5, p. 97, 1897. "A revision of the North Am. Species of Diaptomus/* by C. D. 
Marsh, Trans. Wis. Acad. Sci., Vol. 15, p. 381, 1907. 
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of abdomen; cephalothorax widest in the middle: widely distributed and 
common over the entire northern part of the country. 

D. leptopus Forbes (Fig. 539). First antennae about as long as the 
body ; thorax of 4 segments ; length 1.5 mm. ; body transparent, with pur- 
ple bands, especially on the terminal portion of the antennae and the 
abdomen: common in the central states. 

D. sanguineus Forbes. Body bright red and 2 mm. long; last tho- 
racic segments with strong lateral spines, and a dorsal hump; first 
abdominal segment with strong lateral spines : central and eastern United 
States ; common ; it occurs only in the early spring, in stagnant pools. 

D. minutus Lilljeborg. Body small, 1 mm. long, and slender; thorax 
of 4 segments; antepenultimate joint of first antennae with a long slender 
process; terminal hook of right fifth feet in male broad: common in the 
Great Lakes and widely distributed in northern America; Europe. 

Family 3. PONTELLIDAE. 
Body elongate, with 4 thoracic segments; first antennae very long, 
the right one in the male being prehensile; second antennae large and 





<£T 




Fig. 540 Fig. 541 

Fig. 540 — Torianus setacaudatu* (Williams). A, dorsal aspect of female; B, 
abdomen. Fig. 541 — Labidocera (rstiva (Wheeler). A, dorsal aspect of female; 
B, fifth leg of male ; C, right fifth leg of female. 

biramose; first pair of legs weak or rudimentary; heart present; median 
eye and also often paired eyes present; but 1 egg sac: 10 genera and 
over 70 species; marine. 

Key to the genera of Pontellidae here described : 

Ox First antennae 23- jointed 2. Labidocera 

a, First antennae 17-jointed. 

b x The 2 branches of the second antennae of equal length 1. Tobtanus 

5, These branches of unequal length 3. Acaetia 

1. Tobtaots Giesbrecht. First antennae of female 17- jointed ; abdo- 
men of female consists of 2 or 3 and of the male of 5 segments ;' the 2 
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branches of the second antennae of about the same length ; 1 large dorsal 
eye present; fifth pair of legs nniramose: several species. 

T. setacandatns Williams (Fig. 540). Length of female 1.4 mm.; 
thorax of 5 segments ; fifth pair of feet 2-jointed in female and 3-jointed 
in male: Narragansett Bay; common. 

2. Labzdoosba Lubbock. Thorax of 4 segments; abdomen of female 
of 2 or 3, of male of 5 segments; first antennae of female of 23 segments; 
eyes present, a dorsal pair and a ventral median eye: about 14 species. 

L. estiva Wheeler (Fig. 541). Length 2 
mm.; body transparent; last thoracic segment 
in male sometimes asymmetrical: Woods Hole; 
common. 

3. Aoabtia Dana. First antennae of fe- 
male 17- join ted, of uniform thickness through- 
out; thorax of 4 segments; 1 large dorsal eye 
present; abdomen of female of 3 segments; 
outer branch of second antennae much shorter 
than the inner; 18 species. 

A. tonsa Dana. Length 1.3 mm.; body 
transparent: Atlantic and Pacific Oceans; 
often very common; a widely distributed 
species. 




Family 4. CYCLOPIDAE.* 

Thorax with 4 free segments, first an- 
tennae usually about two-thirds the length of 
the body, both being modified in the male to 
serve as prehensile organs; second antennae 
short and uniramose; first four pairs of feet 
biramous, outer branch 3-jointed, inner branch 
1 to 3-jointed; fifth pair of feet rudimentary, 
alike in both sexes, rudiments of a sixth pair 
sometimes present; heart absent; 2 egg sacs 
present : about 75 species and 5 genera, mostly 
in fresh water. 

1. OTOLOPst 0. F. Miiller (Fig. 542). Thorax with 4 free segments, 
abdomen with 5 segments in the male and 4 in the female ; first antennae 

• See "A Contribution to a Knowledge of North Am. Fresh-Water Cyclopidae," by 
B. B. Forbes, Bull. 111. St Lab., Vol. 5, 1897. 

t See "A Revision of the North American Species of Cyclops," by C. D. Marsh, 
Trans. Wis. Acad. 8d., Vol. 16, p. 1067, 1909. "The distribution of the Genus 
Cyclops In the Vicinity of Haverford, Pennsylvania," by Reynold A. Spaeth, Proc. 
Acad. Nat Sci., Vol. 66, p. 20, 1914. 



Fig. 642 — Diagram ol 

Cyclops (altered from 
Sttssw. F. Deut). 1, first 
antenna ; 2, second anten- 
na ; 3, mandibles : 4, first 
maxilla: 5, second maxilla 
(maxilliped) ; 6, 7, 8, 9, 
the first four pairs of tho- 
racic legs, each leg being 
composed of a basal piece, 
the protopodite, and two 
terminal pieces, the exopo- 
dite and endopodite ; 10, the 
fifth pair of thoracic legs; 
11, receptaculum seminis, 
in the first abdominal seg- 
ment; 12, abdomen; 13, 
furca. 
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with not more than 17 and second antennae with 4 segments: over 50 
species, about 18 being American, all in fresh water, although some 
species occur also in brackish and even in salt water; many species axe 
extremely variable in form. 

Key to the species of Cyclops here described : 

Ox First antennae 17-jointed. 
6, First antennae not reaching the hinder border of head segment.. C. viainis 
6 t First antennae reaching beyond this point. 

c t Fifth feet with 2 long plumose terminal bristles C. leuckabti 

c t Fifth feet with 2 smooth terminal bristles C. bicuspidatus 

c, Fifth feet with 3 terminal bristles C. albidus 

a, First antennae 12- jointed C. sebbulatus 

a, First antennae 10 or 11-jointed G. phalebatus 

0. leuckarti Claus (C. edax Forbes) (Fig. 543). Body slender and 
1.3 mm. long; first abdominal segment very long, equaling the other 3; 
first antennae 17-jointed ; fifth feet 2-jointed, the second joint with 2 very 

long bristles, the outer one 

.w springing from the middle of 

-^l^^*"** (^S^l * ne ^S™ 611 ** * ne fir 8 * joint also 

Jf yk ySHBkf w *t° a bristle : very common 

Jr \ \ \ in the Great Lakes and in all 

* * Q * C parts of the country; Europe. 

Pig. 543-Cyclop* leuckarti (Sflssw. F. Dent). °* Viridi8 Jurine (Fi ^ 

A, furca and f ureal bristles ; B, fifth 544). Body 1.5 to 5 mm. long 

foot; C, receptaculum seminis. **«/. liuuj j..cr w u mm. iuug 

and variable in color, usually 

greenish; first antennae 17-jointed and very short, hardly reaching the 

hinder border of the head; fifth feet 2-jointed with a very broad basal 

joint, each joint bearing a plumose bristle. This species, which occurs also 

in Europe, is usually the commonest one in small ponds throughout the 

country. It is extremely variable, 

the 2 principal varieties being C. 

viridia var. brevispinosus Herrick, 

which tends to the larger size, and 

C. viridia var. americanus Marsh _ _ __ 

(C. insectus Forbes), the smaller * 1 * C 

and more numerous one. _,, mMM „ , , ,*, /c%n „ ^ A % 

^ Fig. 544 — Cyclops viridia ( Sttssw. F. Dent.). 

0. biCUSpidatUS Claus (C. A t furca and furcal bristles ; B, fifth 

foot; C, receptaculum seminis. 
pulchellu8 Sars; C. forbesi Her- 
rick) (Fig. 545). Body slender and 1.3 mm. long; first antennae 17- 
jointed; fifth feet 2-jointed, the terminal joint with 2 terminal bristles; 
furca and caudal bristles very long: very common over the entire country, 
in lakes and rivers, being one of the commonest pelagic cyclops in the 
Great Lakes; Europe. 
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0. albidus Jurine (C. signatus Herrick) (Fig. 546). Body 1.4 mm. 
long, and banded with blue or green ; first antennae 17- jointed ; fifth feet 
2- jointed, the first joint being longer than broad, the second joint with 3 
terminal bristles: common throughout the country in clear lakes; Europe. 





Pig. 546 



Fig. 546 — Cyclops oicuspidatus (Stissw. F. Deut). A, furca and f ureal bristles; 
B, fifth foot; C, receptaculum semlnls. Fig. 546— Cyclops albidus (Sflssw. F. Deut.). 
A, fifth foot ; B, furca and f ureal bristles ; C, receptaculum seminis. 

C. serrulatus Fischer (Fig. 547). Body 1.4 mm. long, rather opaque; 
first antennae 12-jointed; fifth feet 1-jointed and plate-like, with 3 
terminal bristles: very common everywhere; Europe. 

C. phaleratus Koch (Fig. 548). Body 1.2 mm. long, brown in color 
with blue feet; antennae 10 or 11-jointed and very short, not reaching 
beyond the middle of the head: not common, but generally distributed 
in shallow lakes and stagnant pools; Europe. 



4 




S>B 



Fig. 547 



6 

Fig. 548 

A, fifth foot; 




Fig. 547 — Cyclops serrulatus (Stissw. F. Deut.). ~, mm » VV w , ^ n»i,-i 
C, receptaculum seminis. Fig. 548 — Cyclops phaleratus (Stissw. F. Deut.) 
foot ; B, receptaculum seminis ; C, furca and furcal bristles. 



B. furca of male ; 
A, fifth 



2. Oithona Baird. Head terminating with a beak-like process; 
abdomen with 4 or 5 segments; first antennae in part indistinctly jointed 
and with very long bristles; second antennae 2- jointed: marine. 

O. 8imilis Claus. Beak bent down at right angles to head; caudal 
setae not plumose; body .75 mm. long and usually colorless: Woods 
Hole; Narragansett Bay; Europe. 

Family 5. HARPACTICIDAE. 

Minute, elongate copepods with a cylindrical body, the thoracic seg- 
ments not being much larger than the abdominal; first antennae short, 4 
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to 10-jointed, in the male modified and prehensile; second antennae usually 

biramose; fifth pair of feet 1 or 2-jointed and serving as egg support in 

the female; heart absent; usually a single egg sac present: about 30 

genera and 150 species, mostly marine, usually found among vegetation. 

Key to the genera of Harpacticidae here described : 

Oj Fresh-water animals 1. Canthocamptus 

a, Marine animals. 

6 X The outer branch of the first pair of legs much longer than the inner. 

2. Harpacticus 

5, The inner branch longer than the outer 3. Ectimosoma 

1. Gahthooaxfttts Westwood (Fig. 549). Thorax of 4 segments; 
head with a rostrum; first antennae with 6 to 9 joints, usually 8 in the 
female; abdomen 5-jointed in the male and 4 in the 
female: mostly in fresh water; about 6 American species. 
0. minutus Claus. Body 1 mm. long; first antennae 
8- join ted; legs 3- join ted in both branches, except the 
fifth leg, which is 2-jointed: eastern and central states; 
common, especially in muddy pools; Europe. 

2. Harpacticus Milne-Edwards. Outer branch of 
the first leg 3- jointed, almost twice as long as the 2-jointed 
inner branch; conical rostrum present; third pair of legs 
with very strong outer branch: 12 species; marine. 

H. chelifer (O. F. Muller). Length of male 1 mm.; 
first pair of legs with 1 spine, outer branch with 3; inner 
caudal spines longer than the cephalothorax : Atlantic 
coast; Europe. 

3. Ectinosoma Boeck. First antennae 5 to 7-jointed ; 
first pair of legs scarcely smaller than the others and with 

the inner branch longer than the outer; fifth pair of legs 2-jointed: 12 
species. 

£. curticorne Boeck. Length .7 mm.; color dark brown; first an- 
tennae very short, 6-jointed : common in Narragansett Bay ; Europe. 

4. Parategasteb G. 0. Sars. First antennae 6 or 7-jointed; second 
antennae with a 1-jointed outer branch; last pair of legs very large in 
the female, with an expansion on the basal joint. 

P. sphaericus Claus. Length .35 mm.; color brown: abundant in 
Narragansett Bay; Europe. 

Family 6. ERGASILIDAE.* 

Body more or less cylindrical, somewhat like Cyclops in shape, 
usually well segmented; first pair of antennae 5 to 7-jointed, second 3 or 

* "North American Parasitic Copepods Belonging to the Family ErgaalUdae," by 
C. B. Wilson, Proc. U. S. Nat. Mus., Vol. 39, p. 263, 1911. 




Fig. 549 
Diagram of 
Cantho- 
camptu* 
(Stissw. 
F. Dent). 
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4- jointed and modified to form a pair of large hooks for prehensile pur- 
poses; female carries a pair of long egg sacs and is parasitic, usually on 
the gills of fresh- water fishes: about 10 ge- 
nera and 85 species; about 15 species known 
in America. 

Eroasiltjb von Nordmann. Cephalo- 
thorax pear-shaped, fifth pair of legs rudi- 
mentary: several species. 

E. versicolor C. B. Wilson (Fig. 550). 
Length 1.5 mm. : parasitic on the gills of the 
common bullhead and three kinds of catfish. 

Family 7. CALIGIDAE.* 

Body wide and flat, the segmentation 
being more or less obliterated and the female 
being larger than the male; first antennae 
short, with 2 to 3 joints; second antennae in 
form of short hooks; mouth parts form a 
suctorial beak; first 4 pairs of legs usually 
biramose and facilitate rapid swimming; 

fifth pair reduced or ***• 5 c 5 ^r^? 1 ^ ) . t?ert '* 

wanting; 2 long egg 

sacs with the eggs in a single row in each : about 

35 genera and 200 species, which are parasitic 

externally on fishes. 

Key to the genera of Caligidae here described : 

Ox A pair of suckers at front end of body. .1. Caucus 
a, No suckers present 2. Lepbophtheibus 

1. Galiotb O. F. Miiller. First and fourth 
pairs of legs uniramose, second and third bira- 
mose ; body composed of 4 parts, a cephalothorax, 
a thorax, a genital segment, and an abdomen; a 
pair of suckers at the base of the first antennae: 
17 American species. 

0. rapaz Milne-Edwards (Fig. 551). Free 

thoracic segment small and narrower than the 

genital segment, which in the female is about 

Fig. 551 — Caligu* rapam twice as wide as the abdomen ; length of female 
(Wilson). 1. sucker; _ , . 

2, egg sac. about 6 mm.: the commonest species, occur- 





• See "North Am. Parasitic Copepods Belonging to the Family Caligidae," etc.. by 
C. B. Wilson, Proc U. 8. Nat Mas., Vol. 28, p. 479, 1905 ; Vol. 31, p. 669, 1907 ; Vol. 
83, p. 323, 1908. 
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Fig. 552 

Lepeophthei- 

rua edtcardsi 

(Wilson). 



ring on the cod, flounder, and more than 25 other kinds of marine 
fishes. 

2. Lepeophtheiettb von Nordmann. Similar to Caligus hut with 
out the suckers: 12 American species. 

L. edwardsi C. B. Wilson (Fig. 552). End segment 
less than half as long as the genital segment and 
1- jointed; length of female about 7 mm.: on flounders 
and other fish. 

Family 8. DICHELESTIIDAE. 

Body usually elongated and flattened, with segmen- 
tation partially obliterated; first antennae delicate and 
usually many-jointed; second antennae in form of long 
hooks; hinder pair of legs usually reduced: about 20 
genera and 60 species, which are parasitic on fishes, 
principally selachians. 

Diohelebtium Hermann. First 2 pairs of legs 
small and biramose, third pair broad and plate-like, 
fourth and fifth wanting; first antennae 8-jointed: 3 spe- 
cies, in fresh and salt water. 
D. sturionis Herm. Length 2 cm.: on the gills of sturgeons; Vine- 
yard and Long Island Sounds. 

Family 9. LERN^EIDAE. 

Body very different in form at different periods ; during the breeding 
period the animals swim about freely, and the body consists of a large 
cephalothorax, a thorax bearing 4 pairs of biramose legs, and an elongate 
abdomen; after fertilization the female changes into an unsegmented, 
worm-like creature with minute legs and projections at the forward end 
representing the antennae, and with a pair of egg sacs projecting from 
the hinder end; the front end is imbedded in the body of the fish on 
which it lives: about 50 species. 

1. Le&itka L. The pairs of legs of the swimming individuals close 
together; body of egg-bearing female twisted S-shape, with a pair of 
egg sacs. 

L. branchialis L. Length extended, 4 cm. ; egg sacs convoluted : on 
the gills of the cod and other fishes. 

2. Lkenzjekiotts Lesson. Legs of the swimming forms much re- 
duced and close together; body of adult female elongated, with long 
egg sacs. 

L. radiata Les. (Fig. 553). Length 4 cm.: on the menhaden; 
common. 
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Fig. 553 



Fig. 554 



Fig. 553 — Lernewnious 
radiata (Verrill). Fig. 
554 — Chondraoanthu* 
cornutus (Bronn). 



Family 10. CHONDRACANTHIDAB. 

Female without segmentation and with paired blunt projections rep- 
resenting the appendages, with long egg sacs; male very small, seg- 
mented, with 2 pairs of legs, and attach themselves to the body of the 
female: about 40 species. 

Ohondraoanthto Delaroche. Second an- 
tennae form short, stout hooks: about 20 species, 
parasitic on the gills of marine fish. 

0. cornutus (O. F. Miiller) (Fig. 554). Body 
of female elongate, 6 mm. long; length of male 
J3 mm.: on the gills of the Pleuronectidae. 

Family 11. LERKEOPODIDAR* 

Body consists of a head and a thorax; an- 
tennae small; first two pairs of legs long and 
forming the organs of attachment; other legs 
wanting; male minute and attached to the body 
of the female; female with 2 thick egg sacs: 
about 60 species. 

Lebvaeopoda Blainville. Head somewhat smaller than the thorax, 
which is slender and not segmented : about 9 species ; in fresh and salt water. 

L. f ontinalis S. I. Smith. Length of female 4 mm. : on brook trout 
in Maine. 

Suborder 2. BRANCHIURA- 

Parasitic copepods with a flattened body consisting of a disc-like 
eephalothorax, on the dorsal surface of which is a pair of large com- 
pound eyes, with a thorax of 3 free segments, and an unsegmented, 
2-lobed abdomen; antennae small; mouth parts consisting of a pro- 
boscis containing 2 serrate mandibles and 1 pair of slender maxillae; in 
front of the mouth is usually a poisonous sting projecting from a sheath, 
into which it can be withdrawn; a large sucker usually present on each 
side of the proboscis and just behind it a pair of short uniramose append- 
ages, the suckers and the appendages representing the 2 branches of the 
second maxillae; 4 pairs of large biramose legs; no egg sacs, the eggs 
being deposited on stones and other objects; the animals leave their 
hosts occasionally and swim about freely : 1 family and about 37 species. 

Family AEGULIDAE.t 

With the characters of the suborder: 1 American genus. 

* See "North Am. Parasitic Copepods of the Family Lerncopodidae," etc., by 
C. B. Wilson, Proc. U. S. Nat. Mus., Vol. 47, p. 565, 1915. 

t See "North Am. Parasitic Copepods of the Family Argulidae," etc., by C. B. 
Wilson, Proc U. 8 f Nat Mus., Vol. 25, p. 635, 1903. 
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Abottlvs 0. F. Miiller. Suckers and sting present: 27 species, 
parasites on marine and fresh- water fish, usually in the branchial cavity; 
13 American species. 

A. latkauda S. I. Smith. Carapace elliptical, considerably longer 
than wide and not reaching the abdomen, which is broadly elliptical; 
length 6 mm.: on the eel, flounder, and other marine fishes; common. 

A. catostomi Dana & Herrick. Carapace round, wider than long, 
and reaching the abdomen, which is round and wider than long; length 
12 mm.; color light green: on fresh-water fish, especially the sucker 
(New England). 

A. funduli Kroyer. Carapace wider than long and not reaching the 
abdomen, which is very long, being 3 times as long as wide; length 5 
mm. : on Fundulus along the Atlantic coast. 

A. versicolor C. B. Wilson (Fig. 555). Length 6 mm.; width 4.9 
mm.; color brilliantly variegated: in gill cavity of pickerel. 

Order 3. OSTRACODA.* 



Body without segmentation and laterally compressed, and entirely 
enclosed in a bivalved carapace. The two sides of the carapace can 

be closed by a retractor muscle; when 
they open, the appendages are thrust oat 
and propel the animal through the water. 
Seven pairs of appendages are present 
(Fig. 556, B). The two pairs of antennae 
are used for both locomotion and orienta- 
tion, the second pair being either biramose 
or uniramose. The mandibles have each a 
large 3 or 4-jointed palp; two pairs of 
maxillae are present, of which the second 
pair are usually leg-like. Two pairs of 
legs follow, the second pair sometimes 
being bent back and apparently of use 
only in keeping dirt out of the shell. The abdomen is short and may end 
in a projection with two terminal claws called the furca. The internal 
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(WUm 



son). 



• "A Monograph of the Marine and Freshwater Ostracoda," by O. 8. Brady, and 
A. M. Norman, Trans. Royal Dublin Soc. Vols. 4 and 5, 1889 and 1896. "8ynopal8 of 
Freshwater Ostracoda/' by C. H. Turner, Am. Nat., Vol. 33, p. 877, 1899. "Rep. on 
the Freshwater Ostracoda of the U. S.," etc., by R. W. Sharpe, Proc. U. 8. Nat. Mns-, 
Vol. 26, p. 969, 1903. "Marine Ostracoda of Vineyard Sound and Adjacent Waters,** 
by J. A. Cushman, Proc. Bost. Soc. Nat. Hist., Vol. 32, p. 359, 1906. "The Ostracoda 
of the San Diego Region, II, Littoral Forms," by C. Juday, Univ. Cal. Pub., Vol. 3, p. 
135, 1907. "Die Slisswasserfauna Deutschlands," Hejft XI, 19U* "QsAracoda," bj 
G. W. Mttller, Daa Tlerreich, 1912. 
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organs are distinguished by their compactness. A heart is usually absent. 
A single median eye or a pair of eyes close together is usually present, 
but the Cypridinidae have an additional pair of large compound eyes. 
Ostracods are unisexual animals, most of which lay eggs which they either 
attach to water plants, as in the case of Cypris, or, as in Cypridina, carry 
between the shells until they hatch. Cypris and certain other genera are par- 
thenogenetic, in certain species no males having yet been discovered. The 
Cypridae and Cytheridae are born as nauplii, in which the bivalved shell 
is already present; the other ostracods are born later than the nauplius 
stage. The Ostracoda live on or near the bottom of both salt and fresh 
water, where they crawl or swim actively about and feed principally on 
small animals. Entocythere is parasitic on the crayfish. The order con- 
tains 2 suborders and more than 1,400 species, of which the great majority 
are marine, the Cypridae being the only family which lives almost exclu- 
sively in fresh water. 

Key to the suborders of Ostracoda: 

a, Second antennae apparently uniramose 1. Podocofa 

a* Second antennae biramose, one branch large, the other minute ; marine. 

2. Myodocopa 

Suborder 1. PODOCOPA.* 

Second antennae apparently uniramose and bearing sharp bristles, 
which are of use in swimming or walking; heart absent; shell without 
antennal sinus: 2 families; mostly in fresh water. 

Key to the families of Podocopa: 

a, The 2 pairs of thoracic feet dissimilar, second pair bent back 1. Cypridae 

o, The 2 pairs of thoracic feet and the second maxillae all locomotory and 

similar 2. Cytheridae 

Family 1. CYPRIDAE. 

Shell thin; first antennae 8- jointed, but appearing 6 or 7- jointed, and 
with long bristles; second antennae apparently uniramose, the exopodite 
being a minute plate with 3 bristles, and leg-shaped and 3 to 6-jointed, 
with several long natatory bristles on the second and also the last 
joint; usually a single eye present; manibular palp 4-jointed; first max- 
illa with a 2- join ted palp; second maxilla small, with a short palp, which 
is prehensile in the male; first pair of legs locomotory, the second bent 
back and not locomotory; abdomen with a furca; genital organs large, 
extending into the space between the shells: about 350 species, mostly 
in fresh water. 

• See "Contributions," etc., by EL W. Sharpe, Bull. 111. St Lab., Vol. 4, 1897. 
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Key to the genera of Cypridae here described : 

Ox Second antennae with natatory bristles. 
6 X Animals in fresh water. 
Cx Second foot terminates with 1 long straight and 1 short curved bristle. 

d\ Caudal furca long, each side with 2 terminal bristles 1. Cypbib 

d, Caudal furca rudimentary 2. Cypridopsis 

c, Second foot terminates with 2 straight bristles 3. Cypria 

6, Animals marine 5. Pontoctpris 

a, Second antennae without natatory bristles ; animals cannot swim. 

4. Candona 

1. Otfbis O. F. Miiller. Eye single, median; second antennae 

5-jointed, the 5 natatory bristles extending to the tip of the terminal 

Fig. 556 — Cypri* virens (Sttssw. F. Deut.). A, left shell: B, diagram showing 
organs. 1, eye: 2, first antenna; 3, second antenna; 4, mandible; 5, first maxilla; 
6, second maxilla ; 7, first leg ; 8, second leg ; 9, liver ; 10, abdomen ; 11, ovary ; 12, 
anus ; 13, Intestine. 

bristles; first maxilla with a large and second maxilla with a small 
branchial plate; parthenogenetic, the males being unknown: about S 
American species. 

0. virens (Jurine) (Fig. 556). Length 1.69 mm.; height .95 mm.; 
breadth .9 mm. ; shell highest just back of the eye and covered with short 

Fig. 557 Fig. 558 Fig. 559 

Fig. 557 — Cypris J us cat a (Sfissw. F. Deut.). Fig. 558 — CypridoptU vidua (Sttssw. F. 
Deut.). Fig. 559 — Cypria exculpta (Sharpe). 

hairs; dorsal side bluish-black; lateral sides greenish with yellowish 
areas extending diagonally downwards from the region of the eye : cosmo- 
politan. 

0. fuscata Jurine (Fig. 557). Length 1.5 mm.; height .9 mm.; 
breadth .7 mm. ; shell renif orm and greenish-brown in color with pellucid 
spots and a bluish-black patch on either side : cosmopolitan. 
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2. Cypbidopsis Brady. Eye single, median; second antennae 
5- join ted, the natatory bristles extending beyond the terminal bristles; 
caudal furca rudimentary; males unknown: 11 species, 3 American. 

0. vidua 0. F. Muller (Fig. 558). Length .6 mm.; height .34 mm.; 
width .4 mm. ; color yellowish-green with 3 transverse bands on the back 
and sides: common everywhere in fresh water; a scavenger. 

3. Otpbia Zenker. Body compressed; eye single, median; second 
antennae 5-jointed, the 5 natatory bristles very long, extending far 
beyond the terminal bristles; furca normal, stout: 11 species, 7 
American. 

0. exscnlpta Fischer (Fig. 559). Length .58 mm.; height .38 mm.; 
width .26 mm.; shell thin, somewhat transparent and covered with a 
mesh work of longitudinal lines; furca bent: common in shallow ponds 
and slowly flowing, shallow streams; Europe. 

4. Oavdoha Baird. Second antennae of female 
5-jointed and lacking the natatory bristles; furca 
strong: on the bottom, in the mud and sand, not 
being able to swim; 25 species, 9 American. Fig. 560 

0. acuminate Fischer (Fig. 560) . Length 1 mm. ; c $!&£ v^t)? 
height .44 mm.; width .36 mm.; shell pointed 
behind, white or brown in color; the shorter bristle of the last seg- 
ment of second foot 3 or 4 times as long as the last segment: often 
common; Europe. 

5. Pontocyprib Sars. First antennae 7-jointed 
with bristles longest on the last joint and decreasing 
in length proximally; second antennae with 4 slender 
Fig. 561— Ponto- claws on last joint and a group of 5 bristles on the 
^^shman). antepenultimate: several species; marine. 

P. edwardsi Cushman (Fig. 561). Shell somewhat 
triangular with rounded ends, hirsute; first antennae with 4 bristles from 
basal joint; length .85 mm.; height .47 mm.: Eel Pond, Woods Hole, in 
August. 

Family 2. CYTHERIDAE. 

Shell usually calcareous and hard ; eyes paired but more or less con- 
fluent, sometimes wanting; first antennae 5 to 7-jointed, with bristles; 
second antennae leg-like, 4 or 5-jointed, with 2 terminal claws; with a 
basal segment bearing a long flagellum which contains a duct from a 
poison gland; mandible with palp; first maxilla normal, second maxilla 
leg-like and similar to the 2 pairs of legs; furca rudimentary; animals 
cannot swim: about 700 species and 30 genera, almost exclusively in 
salt water; 8 American marine and 2 fresh-water genera. 
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Key to the genera of Cytheridae here described : 

o\ Animals marine. 

b t Dorsal and ventral margins of shell not parallel 1. Loxoooncha 

6, Margins of shell nearly parallel. 

c\ Surface of shell rough 2. Gtthebeis 

c, Surface of shell smooth 3. Pseudocytheretta 

a, Fresh-water animals. 

b x Animals free-swimming 4. Liumci there 

b n Animals parasitic 5. Entocytherb 

1. Loxoooncha Sars. Shell with a notch at the dorso-posterior 
angle; ends and ventral margin extended into a flattened rim; first 
antennae 6-jointed, with a group of slender setae on the last joint; sec- 
ond antennae 4-jointed: 2 American species; marine. 

L. impressa (Baird) (Fig. 562). Length .82 mm.; height .51 mm.: 
Vineyard Sound; very common in shallow water, among eel grass, 
hydroids, etc. 

2. Ottherezb Sars. Shell strongly calcareous; first antennae 5 or 
6-jointed; second antennae 4-jointed, with a short flagellum in the female; 
first pair of feet differing on the two sides of the body in the male : 10 
American species; marine. 

0. arenicola Cushman (Fig. 563). Shell quadrangular, the dorsal 
and ventral margins being almost parallel, 1 mm. long; .5 mm. high; sur- 
face with irregular patches, usually each with a single hair : common on 
sandy bottoms in Vineyard Sound. 






Fig. 562 Fig. 563 Fig. 564 

Fig. 562 — Loxoooncha impressa (Cushman). Fig. 563 — Cythereis arenicola (Cttsh- 
man). Fig. 564 — Pseudocytheretta edtcardsi (Cushman). 

3. Pseddocytheretta Cushman. Inner border of shell irregular; 
flagellum of second antennae 3-jointed; first foot of male with a seta on 
the hinder border; left and right first feet of male very different: 1 
species. 

P. edwardsi Cushman (Fig. 564). Dorsal and ventral margins of 
shell nearly parallel, with rounded hairy ends; length 1.2 mm.; width 
.61 mm. : Vineyard Sound in rather deep water, the commonest ostracod 
of the region. 

4. Lixhicythebe Brady. First antennae 5-jointed with short bris- 
tles on the outer edge; second antennae 4-jointed; mandible with large 
branchial plate: 2 American species, both in Illinois. 
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L. reticulata Sharpe (Fig. 565). Length .68 mm.; height .35 mm.; 
breadth 25 mm.; color whitish; shell with conspicuous polygonal 
markings. 

5. Evtootthxbe* Marshall. First antennae 
6- jointed, with long jointed bristles; second 
antennae 4- jointed ; mandible with branchial plate : 
1 species. 

£. cambaria Marsh. Body oval, .6 mm. long; 
shell thin and smooth: parasitic on gills of 
Cambarus in Wisconsin. 

Suborder 2. MYODOCOPA. 




Pig. 565 — Limnicythere 

retioula to — inside 

of left shell 

(Sharpe). 



Second antennae biramose, one branch being large and many-jointed 
and usually with natatory bristles, the other minute; front margin of 
shell with a deep notch in front for the protrusion of the second an- 
tennae: 5 families, marine. 

Key to the families of Myodocopa here described : 

Oj Eyes present 1. Cypridinidae 

o, Eyes absent 2. Halocypridae 

Family 1. CYPRIDINIDAE. 

Shell with a deep notch in front (antennal sinus); 3 eyes present; 

first antennae stout, 5 to 8-jointed, bearing the large sense organ ; second 

antennae with outer branch usually 9-jointed; inner branch in male 

3- join ted; mandibular foot 5-jointed, terminating in 

a claw: 2 American genera. 

Sa&bzella Norman. Shell of female without 

notch; first antennae 5-jointed, with sense organ on 

third joint in male: 2 American species. 

8. zostericola Cushman (Fig. 566). Shell 1.3 

mm. long and .86 mm. high in the male and 1.1 mm. 

long and 1 mm. high in the female, obliquely truncate 

behind : on eel grass and hydroids at Woods Hole. 




Fig. 566 

Barsietta eoatericola 

(Cushman). 

1, antennal sinus. 



Family 2. HALOCYPRIDAE.f 

Shell very thin and flexible with notch (antennal sinus) in front, 
above which is a rostrum ; median tentacles present between first antennae ; 
eyes absent: 3 American genera, all on the Pacific coast. 

1. Halooypris Dana. Rostrum very short, notch small ; shell short 
and high: 1 American species. 

• See "Entocythere cambaria, a Parasite Ostracod," by W. 8. Marshall, Trans. 
Wis. Acad. Sd., Vol. 14, pt. 1, p. 117. 

t See "Ostracoda of the San Diego Region, I. Halocypridae," by C. Juday, Univ. 
Cal. Pub., Vol. 3, p. 13, 1906. 
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H. pelagic* Clans (Fig. 567). Shell 1.4 mm. long and 1.1 mm. 
high; first antennae strongly curved: Atlantic and Pacific Oceans. 

2. Conohceoia Dana. Shell elon- 
gate with well-developed rostrum and 
notch: 7 American species. 

0. magna Claus. Shell subquad- 
rangular, higher behind than in front, 
2.6 mm. long and half as high; dorsal 
margin with a depression near the mid- 
dle: widely distributed in the Atlantic 
^^^VSSSJX: and Pacific Oceans. 

Order 4. CIRRIPEDIA.* 

Body usually of large size and enclosed in a calcareous shell; animals 
marine and sessile as adults, living either attached to rocks, timbers, or 
seaweed, or as parasites on or in the bodies of crabs, mollusks, or other 
marine animals. A cement gland in the penultimate joint of each anterior 
antenna furnishes a secretion by means of which the barnacles are attached ; 
the parasitic Rhizocephala fasten themselves to their hosts by means of 
long root-like projections of the head. The body, like that of the 
Ostracoda, is entirely enclosed in a carapace which arises on the back of 
the head and thorax and falls in a right and left fold over the body, form- 
ing the characteristic shell. The appendages are a pair of mandibles, two 
pairs of maxillae, and six pairs of biramose and plumose thoracic append- 
ages or legs. It is these legs which project from the shell and give the 
animal its characteristic appearance. In some of the parasitic cirripeds the 
number of pairs of thoracic legs is less than 6 and in the Rhizocephala 
both they and the mouth parts are altogether wanting. The abdomen is 
rudimentary. The digestive tract in the barnacles passes straight to the 
anus at the hinder end of the abdomen; in the Rhizocephala no digestive 
tract is present, the nutriment being absorbed through root-like projections 
of the stalk which entwine the viscera of the crab on which the parasite 
is living. 

With a few exceptions all cirripeds are hermaphroditic, a condition 
which is undoubtedly correlated with their sessile habit of life. In a 
few genera of barnacles (Ibla, Scalpellum) complementary males also 
occur, which live in or near the genital openings of the hermaphroditic 
individuals. Scalpellum ornatum, Ibla cummin gi, and all the species of 
the genera Cryptophialus and Alcippe, which burrow in the shell of 

• See "A Monograph of the Subclass Cirripedia," by Charles Darwin, 1851-1854. 
"The Barnacles (Cirripedia) Contained In the Collections of the U. S. National 
Museum," by H. A. Pilsbry, Bull. 60, U. S. Nat Mus., 1007. 
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snails, are unisexual, the male being a minute animal, consisting of little 
but genital organs, which lives a parasitic life on the body of the female. 
Cirripeds are born as nauplii and pass through a later larval stage pos- 
sessing a bivalve shell, a pair of compound and a simple eye, called the 
cypris stage, during which they attach themselves. 

History,— The thick, calcareous shells of barnacles have always made 
them conspicuous objects, and they have been well-known animals for a 
very long time. The medieval zoologists supposed the Lepadidae to be 
the young of bernicle geese, which often appear in large flocks along 
the seashore of Europe, and this belief led them to call the animals goose 
barnacles. It was not until the beginning of the eighteenth century 
that this belief disappeared. The cirripeds were usually classified with 
the mollusks by the earlier zoologists, although Lamarck in 1802 placed 
them among the crustaceans, until J. V. Thompson in 1830 showed the 
barnacle larva to be a nauplius and thus definitely proved their crus- 
tacean nature. Cuvier, however, in 1830 still placed them among the 
mollusks. 

About 500 species of Cirripedia are known, of which about 15 species 
occur on our Atlantic coast. The order contains 5 suborders. 

Key to the suborders of Cirripedia here described : 

a l Body enclosed in a calcareous shell ; barnacles 1. Thobacica 

a, Body without a calcareous shell ; animals parasitic. 

bx Thoracic appendages present ; animals bore into the shells of mollusks 

and cirripeds 2. Abdominalia 

6, Thoracic appendages wanting; parasitic on decapods 3. Rhizocephala 

Suborder 1. THORACICA. 

Barnacles. Body enclosed in a calcareous shell and attached at the 
dorsal side of the head, the 6 pairs of biramose, tendril-like thoracic legs 
being thrust out as the shell opens to gather in the small animals and 
organic fragments which form the food: about 4 families. 

Key to the families of Thoracica: 

Ox Body attached by a long, thick stalk. 
bx Stalk almost or quite as wide as the rest of the body, and scaly. 

1. MlTELLIDAE 

6, Stalk much narrower than body 2. Lepadidae 

a, No stalk present. 

b x On rocks, timbers, etc 3. Balanidae 

ft, On whales 4. Cobonulidae 

Family 1. MlTELLIDAE. 

Stalk with scales or spines and as wide as the rest of the body, or 
nearly so; shell consists of a large number (18 or more) of pieces; 
mostly hermaphroditic, Scalpellum ornatum on the South African coast 
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Fig. 568 — Diagram 
of Mitella (Pilsbry). 
Explanations as in 
Fig. 570. 



and Ibla cummin gi in the Philippines, however, being unisexual with com- 
plementary males, and Scalpellum vulgar e of the European seas hermaph- 
rodite also with complementary males; Lithotrya 
bores into rocks and mollusk shells and coral: 
about 10 species. 

1. Mitella Oken (Pollicipes Leach) (Fig. 568). 
Shell consists of from 18 to over 100 pieces, of which 
the carina, the terga, and the scuta are the largest; 
hermaphroditic: 8 species. 

M. polymerus (Sowerby). Shell composed of 
upwards of 180 pieces arranged in several whorls, 
decreasing in size from above downwards; total length 
7 cm.: west coast of America; common. 

2. Soalpelltjm Leach (Fig. 569). Stalk thick, short, 
and usually scaly; shell composed of 12 to 15 pieces; 
either unisexual or hermaphroditic, with complementary 
males: 140 species; mostly in deep water. 

S. strand Sars. Stalk about half as long as body 
and covered with imbricated scales; total length 12 mm.: 
in deep water in the gulf of Maine, and to the northward ; 
Europe. 

Family 2. LEPADIDAE. 




Fig. 569 
Diagram of 
Scalpellum 
(Pilsbry). 
Explanations m 
in Fig. 570. 



Stalk much narrower than the rest of the body and without scaks-j 

body flattened and usually covered with a shell consisting of 5 pieces,, 
a pair of large scuta at the stalk end of the bodbr, a. 
pair of smaller terga at the opposite end and a 
median dorsal carina which lies along the hinge, the 
shell opening and the legs protruding on the ventral 
side; Anelasma, which lives parasitically in the skin 
of dogfish in the North Sea, is without a shell;: 
hermaphroditic, without complementary males: about 
7 genera and 30 species, which attach themselves', 
usually to floating objects. 

1. Lefas L. Goose barnacles (Fig. 570)\. 
Scuta broad and triangular; terga and carina welt 
developed, the latter reaching posteriorly between 
the former and all 5 parts of the shell abutting om 

one another: about 6 species, 5 American, all of which are found on both 

coasts. 

L. fasciculari8 Ellis and Solander. Stalk short, not as long as the 

body; plates thin and paper-like; carina bent at right angles; length. 




Fig. 570 

Lepas anatifera 

(Pilsbry). 

1, scutum ; 2, tergum 

3, carina. 
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of shell 4 cm.: cosmopolitan, often very numerous, especially in early 
summer, on the North American coast, sometimes as far north as the 
Bay of Fundy, attached to seaweed and other floating objects; Pacific 
eoast north of San Francisco. 

L. anserifera L. Stalk about as long as the body; plates radially 
grooved; length of shell 5 cm.: cosmopolitan. 

L. anatifera L. (Fig. 570). Stalk usually as long as 
or longer than the body; shell bluish-white; plates faintly 
striated; length of shell 5 cm. or less: cosmopolitan; on 
ships' bottoms and floating objects; the commonest species; 
more southerly than L. fascieularis. 

2. Conohodeema Olfers. Carina and terga small or 
wanting; scuta narrow, the parts of the shell not touching 
one another; stalk long and almost as broad as the body, 
tapering from it to the point of attachment: usually 
attached to ships' bottoms, but also to other objects; 3 
species. 

0. yirgatnm (Spengler) (Fig. 571). Length, including stalk, 5 cm.; 
color grayish, with 6 dark longitudinal bands : cosmopolitan. 




Conchoderma 
virgatum 
(Pilsbry). 



Family 3. BALANIDAE. 

Rock barnacles. No stalk present; body enclosed in a thick cal- 
careous shell; this is made up of a number of pieces which are joined 
together to form a cylinder, in which the animal lies on its back with 
the 6 pairs of thoracic feet uppermost; 2 pairs of hinged plates, cor- 
responding to the scuta 
and terga of Lepas, 
close the aperture of the 
cylinder and, on open- 
ing, permit the legs to 
be thrust out and sweep 
in particles of food: 
incrusted on rocks and 
timbersi, etc, often in 
great numbers; about 7 
genera and 75 species. 
Balaots L. (Fig. 
572). Cylindrical shell composed of 6 thick pieces joined by thinner ones; 
basis of the shell either membranous or calcareous: about 46 species, of 
which 8 occur on the Atlantic coast. 

B. balanoides (L.). The common barnacle. Base of shell mem- 
branous; tergum with a spur; cylindrical shell of variable shape and 




Fig. 572 — Diagram of Balanus (Darwin) 
shell; B, the animal within the shell. ~ 
as in Fig. 570. 



entire 
Explanations 
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with longitudinal ridges; length up to 5 cm.: North Atlantic coast, 
extremely common between tide lines. 

B. eburneus Gould. Ivory barnacle. Shell low and broad in form 
and with a smooth, white exterior; base of shell calcareous: common 
from Massachusetts Bay to the West Indies, chiefly below low-water 
mark; often in brackish and even fresh water. 

B. crenatus Bruguiere. Shell white, up to 34 mm. high and 19 mm. 
wide; base calcareous and very thin: Atlantic coast, on stones and 
shells in deeper water, also on ships. 

B. tintinnabulum (L.). Shell often ribbed longitudinally, reddish 
or bluish in color with a calcareous base; up to 6 cm. in diameter and 
in length: cosmopolitan, in the warmer seas, often brought to our coast 
on the bottoms of vessels; is eaten in many countries. 

Family 4. CORONULIDAE. 

Similar to the preceding family but differing in that the terga and 
scuta, although freely movable, are not hinged with one another; base 
of shell membranous: on Cetacea; 4 genera and 7 species. 

Gobootla Lamarck. Shell formed of 6 principal pieces and wider 
than high; terga and scuta much smaller than the opening: 3 species, 
on whales. 

0. diadema L. Shell crown-shaped, scuta present, terga very small 
or wanting: off the New England coast. 

Suborder 2. ABDOMINALIA. 

Body segmented, surrounded by a voluminous mantle but without 

a shell, and with only 3 pairs of feet on the hinder part of the thorax; 

unisexual; the animal bores into the shells of mollusks and cirripeds: 2 

families. 

Family ALCIPPIDAE. 

Stalk weak and with a large chitinous disc of attachment; legs 
uniramose; mantle opens on the side; males minute, without legs, 
attached to the females: 1 genus. 

Alcippe Hancock. With the above-mentioned characters : 1 species. 

A. lampas Hancock. Length 6 mm.; bores in dead Natica shells 
which are inhabited by hermit crabs: Woods Hole. 

Suborder 3. RHIZOCEPHALA. 

Body without segmentation, appendages, or shell and sac-shaped, with 
a stalk composed of branched thread-like projections which extend into 
the body of the host; without intestine; hermaphroditic, with eomple- 
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mentary males : 2 families with about 6 genera and 35 species. The best- 
known genera are Sacculina Thompson, with about 6 species, which live 
on decapod crabs, forming a thick sac between the abdomen and thorax, 
and Peltogaster Rathke, with about 7 species, which live on hermit crabs. 
They occur in the North Atlantic off the European coast. 

SubciiASs2. MALACOSTRACA.* 

Crayfish, lobsters, and crabs, and the other higher and larger crusta- 
ceans. In all, excepting the Phyllocarida, the body is made up of 20 
somites, of which 5 form the head, 8 the thorax, and 7 the abdomen. The 
head is invariably fused with one or more thoracic somites, and together 
with these, in the Phyllocarida and Thoracostraca, is covered by a shield- 
like carapace (Fig. 625,5). The number of pairs of appendages is 
typically 19, of which 5 are cephalic, 8 are thoracic, and 6 are abdominal : 
the last abdominal somite, which is called the telson, bears no appendages. 
The cephalic appendages are the first and second pairs of antennae, one 
pair of mandibles, and two pairs of maxillae. The terminal portion of 
the antenna is called the flagellum (Fig. 576,1): in many cases more 
than one may be present, one of which may be a smaller or so-called 
secondary flagellum. The basal portion of the antenna is called the 
peduncle (Fig. 576,2). The exopodite of the second antenna is broad 
and flat in many forms and is called the antennal scale (Fig. 615, 3). 

From one to five of the anterior pairs of 
thoracic appendages are specially modified to assist 
in eating and are called maxillipeds, while the 
posterior pairs are called periopods and are used 
principally for locomotion (Fig. 576,5). The 
thoracic appendages are often prehensile and used 
for grasping, in which case the distal segments may 
be modified in one of three ways : (1) the terminal 
segment may form with the next one a forceps-like 
pinching claw or chela as in the crayfish or crab, pig. 573_Diaf rams of 
when the appendage is spoken of as chelate (Fig. TSl^!uAwSL&l 
573, B); (2) the terminal segment may simply 7l£ric ®)\* ° e ° Uw 
bend back on the next one as in the Amphipoda, 

when the appendage is spoken of as subchelate (Fig. 573, A); (3) the 
terminal segment may be sharp and spine-like, as in the parasitic isopods. 
The abdominal appendages are called pleopods or swimmerets (Fig. 

• See "Natural History of Economic Crustaceans/' etc., by R. Rathbun, Bull, of 
U. 8. Fish Com. fop 1889, p. 763. "Higher Crustacea of New York City/* by P. P. 
Paulraeter, Bull. 91 of N. Y. St. Mus., 1905. "Die Sttsswasserfa^una Deutsch lands," 
Heft 11, 1910. 
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579, 4) and have a variety of functions, being locomotory and respiratory 
and often serving for the attachment of the eggs or the young. The 
appendages are all primarily biramose except the anterior antennae, 
although in the adult animal either the exopodite or the endopodite may 
be absent and the appendages thus become uniramose. The eyes are either 
pedunculate or not. The subclass contains 3 divisions and over 11,200 
species. 

Key to the divisions of Malacostraca: 

a t Abdomen composed of 8 segments ; large carapace present. .1. Phyixocaktoa 

a, Abdomen of 7 segments or less. 
6 t Carapace absent ; thorax usually with 7 free segments. . . .2. Arthbostraca 
b n Carapace present covering a part or all of the thorax. . .3. Thoracostraca 

Division 1. PHY LLOO ABIDA. # 

Primitive Malacostraca with a thorax bearing 8 pairs of leaf-like 
gills, a long abdomen composed of 8 segments bearing 6 pairs of 
appendages and with a large carapace enclosing the head, thorax, 
and a portion of the abdomen ; eyes pedunculate : 2 genera and 7 
species, all marine. 

Nebaxia Leach. Caudal 
fork (furca) with lateral spines: 
4 species. 

N. bipes (Fabricius) (Fig. 
574). Body slender, compressed, 
10 mm. long; genital opening on 
the last thoracic segment in the ^ M^Nebalia Upea (Packard), 

male and on the antepenultimate 

segment in the female; eggs carried by the female between the thoracic 
feet: North Atlantic, in shallow water, among seaweeds; Europe. 

Division 2. ABTHB08TBA0A. 

Malacostracans of small but not minute size in which the first 
thoracic somite (in a few cases the second also) is united with the head, 
the remaining 7 being free and appearing as distinct segments; no 
carapace present; abdominal somites more or less coalesced, 6 free seg- 
ments usually appearing, although the number is very often smaller; 
appendages well developed, consisting, when all are present, of 2 pairs 
of antennae, 1 pair of mandibles, 2 pairs of maxillae, 1 pair of maxilli- 
peds (belonging to the first thoracic segment which is fused with the 
head), 7 pairs of periopods and 6 of pleopods; eyes in most cases ses- 

• See "The Order Phyllocarida," etc., by A. S. Packard, Twelfth Ann. Rep. U. S. 
OeoL Bar. for year 1878, pt. 1, 1883, p. 482. "The Crustacean Nebalia," by A. 8. 
Packard, Am. Nat., Vol. 16, p. 861. 
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sile; the eggs are carried on the ventral surface of the thorax in a 
brood pouch formed by flat projections of the thoracic legs and the 
young animals are like the parents in form, there being no metamor- 
phosis: 2 orders. 

Key to the orders of Arthrostraca: 

Oi Usually laterally compressed ; very often jumping animals. . . .1. Amphipoda 
o, Usually dorsoventrally flattened ; many terrestrial and many parasitic 

2. ISOPODA 

Order 1. AMPHIPODA. 

Body elongated and usually laterally compressed; first 2 pairs of 
periopods, which are called gnathopods (Fig. 577, 3 and 4), usually 4 
larger than the others and subchelate, being used for grasping the food; 
gills on the periopods; hinder 3 pairs of pleopods usually adapted for 
jumping: about 45 families and 2,300 species, which are almost exclu- 
sively marine, many species dwelling on the seabeach, burrowing in the 
sand or living under stones or decaying vegetation; food consisting 
mostly of living or dead animals of all kinds, also of decaying vegetable 
matter; a number of species are parasitic; 3 suborders. 

Key to the suborders of Amphipoda: 
Ox Seven free thoracic segments. 

bx Head very large, with very large eyes 1. Htperiidea 

©, Head and eyes not of unusual size 2. Gammabidea 

o, Six free thoracic segments; abdomen very rudimentary 3. Caprellidea 

Suborder 1. HYPERIIDEA. 

Head and eyes both very large; maxilliped without a palp; 7 pairs 
of thoracic legs present: parasitic or living on or in pelagic animals, 
especially medusae; 4 families. 

Key to the families of Hyperiidea here described : 

Ot Usually found in medusae 1. Hypebitdae 

o, In the tests of Salpa or Pprosoma 2. Phbonimidak 

Family 1. HYPEBIIDAB. 

Head large and almost entirely occupied by the enormous eyes; 
5 abdominal segments; mandibular palp present: usually found in large 
medusae; about 8 genera. 

Htpsbia Latreille. Gnathopods feeble: several species in Aurelia, 
Cyanea, and other medusae; 2 species on the Atlantic coast 

H. galba (Montagu). Periopods with very few setae; length 15 

mm : in Aurelia; coast of New England. 

• See "Synopsis of tbe Amphipoda/* by S. J. Holmes, Am. Nat., Vol. 37, p. 267, 
1003. "The Amphipoda 1. Gammaridea," by T. R. R. Stebbing, Das Tierreich, 1906. 
The Amphipoda of Southern New England," by S. J. Holmes, Ball, of U. S. Fish. Com., 
Vol. 24, p. 457, 1004. "The Freshwater Amphipoda of North America/' by Ada L. 
Wackel, Proc U. 8. Nat Mas., Vol. 32, p. 25, 1007. 
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H. mednsaram (0. F. Miiller) (Fig. 575). Gnathopods covered 
with setae on the sides; length 12 mm.: found in Cyanea and other 
jellyfish; coast of New England, north of Cape 
Cod. 

Family 2. PHRONIMIDAE. 

Head very long dorsoventrally, on the sides 

and top of which are the large eyes ; no mandibular 

Big. 575 — Hvperia me- palp present; second antennae rudimentary in the 
dusarum (Leunis). 

female: about 7 genera. 

Phhonima Latreille. Fifth pair of periopods with large chelae; 
last thoracic segment elongated: 1 species. 

P. sedentaria (Forskal). Length 3 cm.: cosmopolitan; each indi- 
vidual living in the transparent test of Salpa or Pyrosoma. 

Suborder 2. GAMMARIDEA. 

Seven free thoracic segments and pairs of thoracic legs; maxilli- 

pcd with a 2 to 4- jointed palp : about 40 families and over 1,000 species. 

Key to the families of Gammaridea here described : 

Ox Three last abdominal somites normal and not fused together. 
bx Body compressed and not flattened. 
Cx Last pair of pleopods do not end in a hook, 
tf* First antennae usually shorter than second. 
e t First antennae without secondary flagellum. 
U First antennae much shorter than the second. 

g x Two eyes present 1. Obchestiidab 

g t Four eyes present 3. Ampeliscidab 

f t First antennae but little shorter than second 4. Calliopiidae 

c, First antennae with 2 flagella, posterior periopods very broad. 

2. PONTOPOREHDAK 

d t First antennae usually longer than second, or of nearly the same length. 
ex Secondary flagellum present; both pairs of gnathopods usually of 

• same size 5. Gammabidab 

eg Secondary flagellum usually absent; second pair of gnathopods 

larger than the first 6. Photidab 

c, Last pair of pleopods end in a hook 7. Amphithoidae 

b t Body flattened, with small abdomen 8. Corophiidab 

a, Last 3 abdominal somites fused with caudal stylets 9. Chelubtoab 

Family 1. OBCHESTIIDAE. 

The beach fleas. First antennae much shorter than the second; 

mandible without palp; body laterally compressed; second gnathopod 

much larger than the first: about 13 genera and 100 species, which live 

largely on the seashore and are more or less adapted to a terrestrial life. 

Key to the genera of Orchestiidae here described : 
Ox First antennae shorter than peduncle (long basal segments) of second. 

bx Dark-colored animals found on the seabeach 1. Obchestta 

o, Whitish animals which burrow in the sand 2. Talorchestia 

a, First antennae longer than peduncle of second 3. Hyalella. 
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1. 0B0HS8TIA Leach. Dark-colored amphipods in which the first 
antennae are shorter than the basal portion (peduncle) of the second, 
and the first gnathopod is subchelate in both sexes: 25 species. 

0. agilis S. I. Smith (Fig. 576). First antennae not reaching the 
tip of the penultimate joint of peduncle of second antenna; length 14 





Fig. 577 

Fig. 576 — Orchestia agilis (Verrlll). 1, flagellum of second antenna: 2, ped- 
uncle: 3, first gnathopod; 4, second gnathopod; 5, periopods: 6, jumping legs; 
7, abdomen; 8, thorax. Fig. 577 — Orchestia palustris (Paulmeier). Explanations 
as in Fig. 576. 



nun.; color brownish: Atlantic coast, under masses of decaying sea- 
weed on the shore, as far south as Florida; when disturbed it hops and 
runs with great rapidity; Europe. 

0. palustris* S. I. Smith (Fig. 577). First antennae reaching 
beyond tip of penultimate joint of peduncle of the second antennae; 
length 18 mm. ; color brownish : Cape Cod to New Jersey ; on the shore of 
salt marshes; Europe. 

2. Talobohzstxa Dana. Whitish, large am- 
phipods in which the first antennae are shorter than 
the basal portion (peduncle) of the second and the 
first gnathopods are subchelate in the male and not 
in the female: 20 species. 

T. longicornisf (Say) (Fig. 578). Eyes large; 
second gnathopods of male very large ; first antennae 
just reaching to the tip of the penultimate joint of 
the second antennae; length 25 mm.; color whitish, 
but sometimes brown: Cape Cod to New Jersey, 
common on sand beaches, burrowing in the sand 
in the daytime. 

8. Hyalella S. I. Smith (Allorchestes Dana). Small amphipods 
in which the first antennae are longer than the basal portion (peduncle) 
of the second: 2 species. 




Fig. 578— -Talorches- 
tia longicornis (Paul- 
meier). A, second 
gnathopod of male ; B, 
first gnathopod of fe- 
male ; C, second gnath- 
opod of same. 



• See 'The Salt-Marsh Amphlpod, Orchestia palustris," by M. B. Smallwood, 
Cold Spring Harbor Monographs, III, 1906. 

t See "The Beach Flea ; Talorchestia longicornis," by M. E. Smallwood, Cold 
Spring Harbor Monographs, 1, 1908. 
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Fig. 579 — Hualella dentata (Paulmelcr) 
first gnathopod; 2, second gnathopod; 
periopods ; 4, plcopods ; 5, jumping legs. 



H. dentata (Say) (Fig. 579). Hinder dorsal margin of the first 
and second abdominal segments produced to form spines; length 6 

mm.: in fresh- water ponds in 
the eastern states, where it is 
one of the two common fresh- 
water species of amphipods, 
Gammarus fasiatus being the 
other. 

Family 2. PONTOPOREIIDAE. 

! First antennae but little 

3 * shorter than the second and 
with a secondary flagellum; 
mandible with a palp; posterior periopods very broad and modified for 
digging: about 8 genera and 22 species. 

Haustokius St. Miiller. Characters as above; small rostrum 
present: 1 species. 

H. arenarins (Slabber) (Fig. 580). Length 18 mm.; color whitish: 
Georgia to Cape Cod; on the seabeach near 
high-water mark, where it burrows with 
great rapidity; Europe. 

Family 3. AMPELISCIDAE. 

First antennae some distance in front of 
and at least half as long as the second; 4 ng * 58 %p^ m ^. crw, * H * t 
eyes usually present; last 2 segments of 

abdomen fused together: a burrowing family with about 3 genera and 
40 species. 

Ampelisoa Kroyer. Telson divided by a median cleft; 4 eyes 
present ; first antennae about half as long as the second : about 25 species. 

A. macrocephala Lilljeborg. Postero-lateral margin of third ab- 
dominal segment elongated; head usually as long as the first 3 thoracic 
segments; length 15 mm.; color white: Vineyard Sound and north- 
wards, living in tubes in the mud; Europe. 

A. compressa Holmes. Head considerably shorter than the first 3 
thoracic segments; body very compressed; length 6 mm.: common from 
Cape Cod to Cape Hatteras. 

Family 4. CALLIOPHDAE. 

First and second antennae of nearly the same length; periopods 
rather strongly built, the last 3 pairs increasing successively in length: 
about 15 genera and 30 species. 
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Caixioptob Lilljeborg. Both pairs of gnathopods large and of 
equal size ; terminal abdominal segment slender and not split : 2 species. 

0. teviusculnj (Krbyer) (Fig. 581). First and second antennae of 
nearly the same length; eyes large; length 16 mm.; color light green: 
Cape Hatteras to Greenland, in tide pools 

and among seaweed; Europe; North Pacific. 

Family 5. GAMMARIDAE. 

Both pairs of antennae long, the first 
antennae usually longer than the second and 
with a secondary flagellum which is a small Flf • ^i^^Zr^^ ^ 
side branch of it; mandible with a palp; 

both pairs of gnathopods usually of the same size; terminal pleopods 
extending beyond the others: over 50 genera and 250 species, largely in 
fresh and brackish waters. 

Key to the genera of Gammaridae here described : 

Ot Last 3 abdominal segments with small bunches of hairs along hinder margin. 

&! First 3 abdominal segments not extended behind 1. Gammarus 

b n First 3 abdominal segments each extended behind as an acute tooth. 

2. Carinogammabus 

o» No such bunches of hairs on these segments 3. Elasmopus 

1. Oamxarvb Fabricius. Telson deeply cleft; last 3 abdominal seg- 
ments with bunches of small hairs: over 30 species; in salt and fresh 
water; 6 fresh-water species in the United States. 





Fig. 582 Fig. 583 

Fig. 582 — Gammarus locusta (Paulmeler). Fig. 583 — Gammarus faciatus (Paulmeier). 

G. locnsta (L.) (Fig. 582). First antennae longer than the second; 
secondary flagellum with about 8 joints; length 20 mm.; color greenish: 
Arctic Ocean to New Jersey, being very common under stones and in 
seaweed along the seashore; Europe. 

O. annulatus S. I. Smith. First antennae shorter than the second; 
length 15 mm. ; no lateral hairs on the fourth abdominal segment : Long 
Island Sound to Bay of Fundy. 
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G. fasciatns Say (Fig. 583). First and second antennae of about 
the same length; length 15 mm.; color whitish: common in fresh-water 
ponds and streams, it and Hyalella dentata being the common fresh-water 
amphipods in the eastern states. 

2. Ga&ikoqamxarus Stebbing. Telson deeply cleft; last 3 abdom- 
inal segments with bunches of small hairs and first 3 each with a dorsal 
backwards projecting spine: about 9 species. 

0. mucronatus (Say) (Fig. 584). Antennae of the same length; 
length 15 mm.; color greenish: Cape Cod to Florida, common among 
algae and in brackish water. 





Fig. 584 Fig. 585 

Fig. 584 — Carinogammarus mucronatus (Paulmeier). Fig. 685 — Elasmopus UbvU 

(Paulmeier). 

3. Elasmopus Costa. First antennae twice as long as the second; 
first 3 abdominal segments very large, last 3 small and bent beneath 
them: about 9 species. 

E. l»vis (S. I. Smith) (Fig. 585). Last 3 pairs of abdominal ap- 
pendages short and thick ; length 10 mm. ; color brownish ; first gnathopods 
small, second large: Cape Cod to New Jersey, under rocks and among 
seaweeds near low-tide mark. 

Family 6. PHOTIDAE. 

First antennae with or without a small secondary flagellum and longer 
than the second; mandible with a long palp; second gnathopods larger 
than the first: 10 genera and about 40 species. 

Lsptooeeibvb Zaddach (Ptilocheirus Stimpson). Terminal pleopods 
biramose ; both pairs of gnathopods large and chelate ; first antennae with 
a minute secondary flagellum: 8 species. 

L. pinging Stim. Body thick, and variegated in color; length J3 
mm.: New Jersey to Labrador; common on muddy bottoms. 
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Big. 586 — AmpMthoU vaUda (Paulmeler). 



Family 7. AMPHITHOIDAE. 

First antennae with or without secondary flagellum and about the 
same length as the second; gnathopods large, the second being larger 
than the first; last pair of ab- 
dominal appendages end in 
hooks: about 6 genera and 30 
species. 

Amphithoe Leach. First 
antennae without secondary flagel- 
lum; head without rostrum; man- 
dible with palp: 17 species. 

A. valida S. I. Smith (Fig. 
586). Antennae of about equal length and less than half as long as 
body : New Jersey and Long Island Sound under rocks and among 
seaweed. 

A. longimana Smith. First antennae as long as the body; gnathopods 

stout and elongate; length 9 mm.: 
common; Cape Cod to New Jersey, 
among eel-grass. 

Family 8. COROPHIIDAE. 

Body depressed and abdomen 
small; first antennae with or without 
secondary flagellum; second antennae 
very large: about 11 genera and 45 
species; tube-dwelling. 

1. CoHOPHTinc Latreille. Mandibular palp two- 
jointed; no secondary flagellum; second antennae enor- 
mously developed in the male; gnathopods feeble: 12 
species. 

0. cylindricum (Say) (Fig. 587). Length 5 mm.; 
color light, sometimes with spots: Maine to New 
Jersey, living free or in tubes in the mud or in 
sponges, etc. 

2. Uhioola Say. Body depressed; first antennae 
with secondary flagellum and a little longer than the 
second; telson lamellar, rounded: 8 species. 

U. irrorata Say (Fig. 588). Color red, mottled 
with white; length 15 mm.; body broad; rostrum dis- 
tinct: Labrador to New Jersey; common on sandy or rocky bottoms, 
living in tubes, often not of its own construction. 




Fig. 587 — Corophium cylindricum 
(Paulmeler). 




Pig. 588 

Unicola irrorata 

(Paulmeler). 
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Family 9. CHELUBIDAE. 

Body cylindrical; first antennae short, with secondary flagellum; 
second antennae longer than the first and with blade-like flagellum; 4 
abdominal segments; 3 pairs of caudal stylets present, the last pair 
being nearly as long as the rest of the body, but shorter in the female: 
1 genus. 

Cheltoa Philippi. With the characters above given : 1 species. 

0. terebrans Phil. Length 6 mm.: New England coast, boring in 
submerged timbers, and often doing great damage; Europe. 

Suborder 3. CAPRELLIDEA. 

But 6 free thoracic segments; abdomen very rudimentary; body very 
elongate : 2 families and about 65 species. 

Family CAPRELLIDAE. 

Body slender and cylindrical; first antennae longer than the second; 

gills confined to third and fourth free thoracic segments, on which 

the legs may be wanting: 2 genera, which live among 

seaweeds and on hydroids, holding on by the 3 pairs of 

long posterior thoracic legs, with about 50 species. 

1. Oafbella Lamarck. Five pairs thoracic legs; 
mandible without a palp; gills and no legs on the second 
and third free thoracic segments; abdomen reduced to a 
small knob bearing a pair of rudimentary legs in the 
male: many species. 

0. geometrica Say (Fig. 589). Head with an ante- 
riorly projecting spine; antennae of nearly the same 
length; length 15 mm.; color variable: Cape Cod to 
Virginia; very common. 

2. JEozhella Broeck. Like Caprella but with a palp 
on the mandible: several species. 

A. longicornis Kroyer (Fig. 590). 
First pair of antennae twice as long 
as the second; body either smooth or 
spiny; length 16 mm.; color variable: 
Labrador to New Jersey; Europe. "* ^^^Jf n ° ioorni9 




(Pi 



Fig. 589 
Caprella 
eotnetrica 
aulmeier). 




Order 2. ISOPODA.* 

Body usually flattened dorsoventrally and with gills on the abdomi- 
nal appendages; the anterior pairs of pleopods usually more or less 

* See "Synopsis of North American Isopoda," by Harriet Richardson, Am. Nat, 
Vol. 34, pp. 207 and 205. "Monograph of the Isopods of North America/' by i 
Bull. U. S. Natl. Mus. t No. 54, 1905. 
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lamellar and functioning as gills or lungs, while the last pair, which 
are called uropods (Fig. 602) and have a distinct ezopodite and endopo- 
dite, are elongated and function as feelers or as swimming fins: about 
18 families and over 2,300 species, which are small, creeping or swim- 
ming animals, most of them marine, living under stones along the sea- 
shore and among seaweed or parasitic on fish; a few live in fresh water, 
while several very familiar species are terrestrial. 
Key to the families of Isopoda here described : 

Ot First pair of legs chelate 1. Tanazdas 

o, First pair of legs not chelate, 
o, Uropods lateral. 
Cj Uropods with telson forming a caudal fin ; pleopods mostly natatory. 

dj Ezopodite of uropod arches over base of telson 2. Anthubjdae 

dt Ezopodite of uropod does not thus arch, 
a, Abdomen composed of 6 segments. 
fx Both branches of uropod well developed. 
g x Not parasitic ; body more or less cylindrical ; eyes usually small. 

^ 3. ClBOLANIDAS 

g % Parasitic on fish. 
h x Body broad and flattened ; first 3 pairs of legs prehensile. .4. JEoidae 

A, Eyes large ; legs all prehensile 5. Ctmothoidae 

/, The 2 branches of uropod not of same length, the ezopodite being 

minute ; animal bores in wood 6. Limnoriidae 

e, Abdomen composed of 2 segments 7. Sphjebomidae 

c, Uropods arch over the other pleopods, covering them 8. Idotheioae 

6t Uropods terminal. i 

Cx Animals aquatic. 

dx First antennae much smaller than the second, but not minute. 
a, Animals not parasitic. 

fx Fresh-water forms 9. Asellidae 

/, Marine forms 10. Janibidae 

e, Animals parasitic on decapods 15. Boptbidae 

d t First antennae minute and not easily seen 13. Liotdidae 

c, Animals terrestrial (occasionally aquatic). 
dx Cannot roll itself into a ball (ezcept CyUsticus convexut). 

^ End segment of abdomen pointed or angular 11. Oniscidae 

e, End segment truncate or indented ... 14. Trichoniscidai 
dt Can roll itself into a ball 12. Abmadhxioidae 

Family 1. TANAIDAE. 

Body more or less cylindrical, with 6 free thoracic 
segments; first pair of legs chelate; abdominal append- 
ages, when present, natatory ; gills on the thoracic append- 
ages: about 16 American species; marine. 

1. Tavaib Audouin and Edwards. Only 3 pair of 

Fig. 591 

pleopods present; uropods uniramose and short: 5 Amer- Tanotecavolini 

(Harger). 
ican species. 

T. cavolini Milne-Edwards (Fig. 591). Body slender, abdomen with 

5 segments; uropods 3-jointed; length 4 mm.; width 1 mm.: Greenland 

to Long Island Sound ; in shallow water on piles and among seaweed. 
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2. Leptooezla Dana. Male with large, female with small chelae; 
5 pairs of pleopods present; uropods biramose; eyes present: 5 American 
species. 

L. savignyi (Kroyer) (Fig. 592). Chela of male elongated; exopo- 
dite of uropods composed of 1, endopodite of 6 segments; 
y ||ty length 2 mm.; color white: New Jersey to Cape Cod; 

1j J among seaweed and at the surface; Europe. 

Family 2. ANTHUBIDAE. 



Body cylindrical and elongate, with 7 free thoracic 
segments; abdomen relatively short, with its anterior 
somites often fused together; uropods lateral, large, and 
expanded, the outer branch (exopodite) arching over the 
telson: about 15 species, 9 American. 

Gyathtoa Norman and Stebbing. First 5 abdominal 
segments fused together so as to resemble an eighth 
thoracic ; maxillipeds 3- jointed : 1 American species. 

0. carinata (Kroyer) (Fig. 593). Both pairs of 
antennae short and thick and with few hairs; length 18 
mm.; breadth 2 mm.; color brownish or yellowish: New 
Jersey to Greenland ; on sand and mud bottoms in shallow 
water and among seaweed; Europe. 




Fig. 592 

Leptochela 

aavignyi 

(Harger). 



Family 3. CIEOLANIDAE. 




Fig. 593 
Cyathura 
carinata 
(Harger). 



Body semicylindrical and broad; abdomen composed 
of 6 segments; uropods lateral, forming with the telson a 
caudal swimming fin: 23 American species. 

Cibolava Leach. First 3 pairs of legs prehensile, last 4 pairs 
ambulatory; first and second pair similar to each other: 
14 American species. 

0. concharnm (Stimpson) (Fig. 594). Length 23 mm.; 
breadth 8 mm.; telson triangular; base of uropods is 
extended posteriorly beneath the margin of the telson 
two-thirds of its length: South Carolina to Nova Scotia 
on muddy and sandy bottoms in shallow water, feeding 
on the blue crab and other animals. 




Fig. 594 

Cirolana 

oonoharum 

(Harger). 



Family 4. ^GIDAE. 



Body broad and more or less flattened ; head short and 
broad, usually with 2 very large eyes on its upper surface; first 3 pairs 
of legs prehensile; uropods lateral and forming a caudal fln with the 
telson: parasitic on the skin of fish; 30 American genera. 
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JEga Leach. Body elliptical in outline ; basal segments of first anten- 
nae expanded and lying entirely in front of the head : 14 American species. 

A. psora (L.). Salve bug (Fig. 595). Length 16 mm.; breadth 10 
mm. : parasitic on the skate, cod, halibut, and other fishes; 
used as a salve by fishermen; Long Island Sound to 
Greenland; Gulf of Mexico; Europe. 

Family 5. CYMOTHOIDAE. 

Head triangular, with large eyes, and extending over 
the base of the short antennae; all 7 pairs of legs pre- 
hensile, terminating in hooks: parasitic on fishes; over 
100 species, 27 American. 

Livoneoa Leach. Body elliptical, more or less 
asymmetrical; first pair of antennae widely separated at the base: 5 
American species. 

L. ovalis (Say). Length 21 mm.; width 13 mm.: 
parasitic on the gills and in the mouth of the bluefish and 
occasionally of other fishes along the Atlantic coast south 
of Cape Cod, and in the Gulf of Mexico. 





Fig. 596 
Limnaria 
Honorum 
(Harger). 



Family 6. LIMNORIIDAE. 

Body flattened and with parallel sides; can roll itself 
into a ball; antennae short; eyes lateral; uropods lateral; 
legs ambulatory: 1 genus. 

Limnoria Leach. With characters of family : 1 species. 
L. lignorum (Rathke). Gribble (Fig. 596). Length 3 mm.; width 
1.5 mm. : Florida to Labrador ; Europe ; Pacific* coast ; makes burrows 
about 12 mm. deep in submerged timbers, causing 
great damage to docks, etc.; very common. 

Family. 7. SPHiEROMIDAE. 

Body short, oval, and convex, and in many species 
can be rolled into a ball; but 1 abdominal segment 
besides the large telson; inner branch of uropod 
immovable: 30 American species. 

Sfhjeboma Latreille. Uropods large, lateral, the 
2 branches being of equal length, the outer margin of 
the exopodite being denticulate; legs ambulatory: 3 
American species. 

8. qnadridentatnm Say (Fig. 597). Body can be rolled into a ball; 
length 8 mm.; width 4 mm.; color dark and variable: Florida to Cape 
Cod; under stones between tide lines. 




Fig. 597 

Sph aroma 

quaaridentatum 

(Harger). 
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Family 8. IDOTHEIDAE. 

Body more or less broad and flattened; often elongate; abdominal seg- 
ments partially or completely fused ; uropods lateral, arching over and cov- 
ering the other pleopods under the abdomen : about 90 species, 40 American. 

Key to the genera of Idotheidae here described : 

o, Side of head cleft and extending beyond eyes 2. Chibidotea 

o, Side of head not extended in dorsal view. 
6j Second antennae with a long flagellum; abdomen of several segments. 

1. IDOTHKA 

6, Second antennae without a long flagellum; abdomen a single segment. 

c x Second antennae not much longer than head 3. Edotka 

c, Second antennae very much longer than head 4. Erichsonelxa 

1. Idothea Fabricius. Second antennae with a long flagellum and much 
larger than the first; legs all alike; abdomen composed 
of 3 complete and 1 partial segment : 8 American species. 
L baltica (Pallas) (I. marina L.; I. irrorata Say) 
(Fig. 598). Length 20 mm.; width 7 mm.; color often 
green, but very variable; abdomen ending in three projec- 
tions: Nova Scotia to North Carolina; cosmopolitan; on 
seaweed, in sand or at the surface; common. 

I. phosphorea Harger. Length 21 mm. ; width 7 mm. ; 
color variable; abdomen tapering to a point: coast of 
New England, among rocks and seaweed. 

I. metallica Bosc (/. robusta Kroyer). Length 18 
mm.; width 8 mm.; abdomen truncate: entire Atlantic coast; cosmo- 
politan; often on floating seaweed. 




Fig. 598 

Idothea baltica 

(Harger). 






Fig. 599 



Pig. 600 



Fig. 601 



Fig. 599 — Chiridotea cteca (Harger). Fig. 600— Edotea triloba (Harger). 
Fig. 601 — Erichsonella flUformi» (Harger). 

2. Chiridotea Harger. Second antennae usually with a short fla- 
gellum, sides of head cleft at the eye and extending beyond it; first 3 
pairs of legs prehensile, last 4 pairs ambulatory; abdomen composed of 
4 segments : 2 species. 

0. c«ca (Say) (Fig. 599). Body ovate, with a long, pointed telson; 
length 8 mm. ; width 4 mm. ; antennae of nearly equal length ; eyes small, 
dorsally placed: Florida to Nova Scotia; at the surface or in the sand. 
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3. Edotsa Guerin. Second antennae of 4 to 6 segments and short ; 
abdomen composed of a single segment; legs prehensile: 3 species. 

B. triloba (Say) (Fig. 600). Length 7 mm.; width 3 mm.: New 
Jersey to Maine; under stones and decaying algae, in muddy places 
along the shore. 

4. E&iohsovella Benedict. First antennae short; second antennae 
long and composed of 6 segments; abdomen composed of a single seg- 
ment; legs ambulatory: 3 American species. 

E. filiformis (Say) (Fig. 601). Length 8 mm.; width 3 mm.: At- 
lantic coast, south to Cape Cod ; in sand and among algae in shallow water. 

Family 9. ASELLIDAB. 

Body flattened, with 7 free thoracic segments, and with the ab- 
dominal segments forming a single, shield-like plate; abdominal append- 
ages exclusively branchial and numbering 4 or 5 pairs ; uropods terminal 
and biramose: principally fresh-water animals; 17 American species. 

Key to the genera of Asellidae here described: 

Ox Eyes present. 

b x Last 6 pairs of legs uniunguiculate 1. Asellus 

b, Last 6 pairs of legs biunguiculate 2. Af ancasellus 

a, Eyes absent ; cave-dwellers 3. Gscidotea 

1. AflELLUS Geoff roy. Abdomen about as broad as long; legs uniun- 
guiculate; mandible with a palp: 7 American species; in fresh water. 

A. communis Say (Fig. 602). Length 15 mm.; breadth 5 mm.; first 
antennae short, second long; first pair of legs prehensile and subchelate, 
the others ambulatory, the last 3 being longer than the others: eastern 
United States; the commonest 

fresh-water isopod, occurring ft^^^/s ^IZj fl^L^v^ ^^ . <o 

generally among vegetation. 

2. Manoasellxts Harger. i 
Abdomen about as broad as 
long; mandible without a palp; ^^g^Sga S^^fflSffi 
last 6 pairs of legs biun- ^^ JggEft s^m^ibi^Tmixil: 
gruiculate: 6 species; in fresh ^.^J; J^ffi?^ hemrt5 9 ' inteB ' 
water. 

M. macrourus Garman. Length 12 mm.; breadth 5 mm.; first pair 
of legs subchelate, the others ambulatory ; side of the head cleft near the 
eye: central United States east of the Mississippi, often in caves. 

3. Cjeoidotea Packard. Body elongate and narrow; eyes wanting; 
abdomen much longer than broad: 4 species; in caves and similar places. 

0. stygia Pack. Length 10 mm.; width 2 mm.; first pair of legs 
prehensile, the hand being armed with 2 long and 3 short teeth : central 
United States; in caves and deep wells. 
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Family 10. JANIRIDAE. 

Body flattened and similar to the Asellidae, with the side of the head 
usually expanded under the eye; first pair of abdominal appendages in 
the female form a single large opercular plate, and 
in the male together with the second pair form 
a compound operculum: 20 American species; 
marine. 

1. Jje&a Leach. First pair of antennae very 
small; uropods very small: 2 American species. 
J. marina (Fabricius) (Fig. 603). Body 
oval, 5 mm. long, 2 mm. wide, and very variable 
in color, usually being mottled gray; legs ambu- 
latory and triunguiculate : coast of New England ; 
Wg " ^maree?) marina Europe; common between tide lines under stones 
and seaweeds. 
2. Javula Leach. First pair of antennae and uropods well devel- 
oped ; side of head not expanded, or but slightly so : 5 American species. 

J. alta (Stimpson) (Fig. 604). Length 7 mm.; 
width 2 mm.; legs biunguiculate : Atlantic coast from 
Nova Scotia to Virginia, from low-water mark to 500 
fathoms. 

Family 11. ONISCIDAE. 

The sow bugs. Terrestrial isopods with an 

elliptical body, which is more or less flattened and 

cannot be rolled into a ball (except Cylisticua con- 

vexus) ; first antennae minute; second antennae long; Fig. 604 — Jonir* 
.. . A1 „ , . ,, .,. _ ' alta (Harger). 

thorax with 7 and abdomen with 6 free segments; 

legs ambulatory; 5 pairs of pleopods are respiratory plates, the second 

pair in the male terminating in a pair of long slender stylets; uropods 

long and terminal: common under logs, etc., and in other dark, damp 

places on the land; 200 species, 30 American. 

Key to the genera of Oniscidae here described : 

Oj Antennae ending with 3 short segments forming the flagellum. 

&! Abdomen not abruptly narrower than thorax 1. Oniscub 

6, Abdomen abruptly narrower than thorax 2. Philoscia 

a, Antennae ending with a flagellum of 2 short segments. 
6, Abdomen not abruptly narrower than thorax. 

Cj Body convex, can be rolled into a ball 3. Ctlisticus 

c, Body flattened, cannot be rolled into a ball 4. Pobceluo 

b» Abdomen abruptly narrower than the thorax 5. Metoponobthus 

1. Ohisoto L. Body broad, flattened, with a granulated or tuber- 
culated surface; antennae ending with 3 short segments; side of head 
extended beneath the eyes: 1 species. 
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605 — Oniacu9 
aaellua (Paulmeier). 



O. asellus L. (Fig. 605). Length 16 mm.; width 8 mm.; color deep 
slate, spotted with white, and white along the lateral edges: eastern and 
central states ; Europe ; common under bark of fallen 
trees, logs, stones, etc. 

2. Philosoia Latreille. Second antennae ends 
with 3 short segments; side of head not extended 
under the eyes ; abdomen abruptly narrower than the 
thorax: 7 American species. 

P. vittata Say (Fig. 606). Length 8 mm.; width 
4 mm.; color usually dark brown with 2 darker 
median stripes : along the seashore from New Jersey 
to Cape Cod, under stones and boards above high tide. 

3. Cylistxotts Schnitzler. Body rather elongate, 
smooth, very convex, and able to be rolled into a 
ball; head with lateral lobes; second antennae long, 

ending with 2 short segments; uropods long: 1 Amer- 
ican species. 

C. convexus (DeGeer) (Fig. 607). Length 12 mm.; 
width 5 mm.; color brown or dark gray, spotted with 
white: eastern and central states; Europe; under logs 
and stones in rather dry places. 

4. Poroeluo Latreille. Body oval, flattened; head 
with lateral lobes; second antennae long, ending with 2 
short segments; uropods long; respiratory plates of 
either the first 2 or all 5 pairs of pleopods provided 
with tracheae: 6 American species. 
P. rathkei Brandt. Body granulate, 10 mm. long and 5 mm. wide, 
yellowish-brown in color with numerous black blotches and two lateral 




PMloscia vittata 
(Harger). 






Fig. 607 Fig. 608 Fig. 609 

Fig. 607 — CyUsticus convcwu* (Paulmeier). Fig. 608 — PorceTtio scaler (Paulmeier). 
Fig. 609 — Metoponorthus pruinoeua (Paulmeier). 

and usually a median light stripe: eastern and central states; Europe; 
common under boards, stones, etc. 
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P. scaber Lat. (Fig. 608). Body covered with minute tubercles, 12 
mm. long, 7 mm. wide, of uniform black color, without spots or blotches : 
entire America; cosmopolitan; under bark, logs, etc. 

P. lsevifl Lat. Body smooth or minutely granulate, 15 mm. long, 8 
mm. wide, dark gray in color with 2 wavy median lighter bands: entire 
America; cosmopolitan. 

5. Metoponorthtts Bndde-Lund. Body oval, flattened, without lat- 
eral lobes; second antennae long, ending in 2 short segments; abdomen 
abruptly narrower than thorax; uropods long: 4 American species. 

M. pruinosus (Brandt) (Fig. 609). Length 9 mm.; width 4 mm.; 
color reddish-brown in the hinder and lateral portions, and lighter in 
the other portions: entire America; cosmopolitan; under logs, etc. 

Family 12. AEMADILLIDIDAE. 

Body convex and able to be rolled into a ball ; first antennae minute ; 
second antennae short; uropods short and not extending beyond the 

terminal segment: terrestrial; 6 genera 
and 23 American species. 

Akmadilliditxm Brandt. Pill bugs. 
With the characters of the family; exopo- 
dite of uropod large and lamellar; ter- 
minal segment triangular: 2 species. 
Big. ^io— Arm^VMUm vuigare a. vulgare (Latreille) (Fig. 610). 

Length 16 mm.; width 8 mm.; color black 
or dark gray with rows of indistinct spots: entire America; cosmo- 
politan: under stones, etc., in damp places. 

Family 13. LIGYDIDAE. 

Body elliptical or elongate; first antennae minute; second antennae 
long, with numerous small terminal segments; buccal 
mass prominent; uropods long: marine; 2 genera and 
12 American species. 

Lioyda Rafinesque. The two branches of the 
uropods of about equal length and styliform: 6 
American species. 

L. exotica (Roux) (Fig. 611). Body elongate, 48 
mm. long (with uropods), 14 mm. wide: Florida to Fig. 611 

North Carolina; California; cosmopolitan; among ^!&baiS»on)? 
rocks and on piles and docks; common. 

L. oceanica (L.). Body oval, 22 mm. long (with uropods), 8 mm. 
wide, and with a granulate surface: New England; Europe. 
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Family 14. TBICHONISCIDAE. 

Body elliptical, elongate; first antennae minute; second antennae end- 
ing with 3 or 5 small segments ; abdomen not pointed behind, but truncate 
or indented; the 2 branches of each uropod of about the same length: 4 
American species; terrestrial or in fresh water. 

Tbichohiscus Brandt. Head rounded in front ; eyes small, composed 
each of 3 ocelli; second antennae long; abdomen abruptly narrower than 
thorax: 2 species. 

T. pusillus Br. (Fig. 612). Length 3 mm.; width 1 
mm.; body smooth: entire North America; Europe; 
under moss, in the woods. 

Family 15. BOPYBIDAE. 

Parasites of decapods; male and female animals 
dissimilar, the female being asymmetrical and broad, and 
sometimes much deformed, the male more slender and 
symmetrical; antennae rudimentary; legs prehensile: 35 
species, 29 American. 

1. Probofyrto Giard and Bonnier. Segments of Trte&nltmi 
abdomen distinct in female, but fused, except at the (Richardson) 
edges, in the male; 5 pairs of abdominal appendages; 

uropods wanting: parasites in the gill chamber of decapods; 5 American 
species. 

P. pandalicola (Packard). Body (of female) 5 mm. long, white in 
color with black markings; the female lies against the body of the host, 
the ventral side of the thorax having the brood pouch with the eggs, 
the much smaller male is usually found clinging to the female: entire 
Atlantic coast, on Palamonetes, producing large tumors under the 
carapace. 

2. Phryxttb Rathke. Body of female very asymmetrical, one side 
being greatly swollen; 5 abdominal segments; the legs of the longer side 
of the body wanting, except on the first thoracic segment, on the shorter 
side very small; antennae and uropods rudimentary; abdomen of male 
composed of a single triangular segment, without appendages: parasitic 
on the abdomen of decapods; 1 species. 

P. abdominalis (Krbyer). Body of female 9 mm. long, 7 mm. wide; 
of male 3 mm. long and 1 mm. wide : circumpolar, extending to Vineyard 
and Puget Sounds; on the abdomen of Pandalus and other prawns. 

3. Bopyroides Stimpson. Body of female somewhat asymmetrical, 
with 6 abdominal segments and 7 pairs of legs, without abdominal ap- 
pendages; abdomen of male forming a single piece without appendages; 
antennae rudimentary: 1 species. 
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B. hippolytes Krbyer. Body of female 8 mm. long and 7 mm wide; 
of male 3 mm. long and 1 mm. wide: circumpolar, extending to Boston 
and to Paget Sound; on the gills of Pandalus and other prawns. 

Division 3. TH0RAC08TRAGA.* 

Malacostraca often of large size in which 3 or more of the thoracic 
somites are fused with the head, and the cephalothorax thus formed is 
covered with a carapace; projecting forwards from the anterior end of 
the carapace in most species is the spike-like rostrum; eyes at the end of 
movable stalks or peduncles (except in the Cumacea) ; the sixth pair of 
pleopods (uropods) together with the last body segment (telson) forms, 
except in the case of the crabs, a swimming fin, by striking which vigor- 
ously beneath the body the animal propels itself rapidly backwards; 
the eggs and sometimes the young usually carried beneath the abdomen 
attached to the pleopods, the young in most forms passing through a 
metamorphosis before attaining the form of the parents: 4 orders. 

Key to the orders of Thoracostraca: 

Ox Carapace does not cover the entire thorax. 

bx Thoracic appendages all biramose 1. Schizopoda 

6, Thoracic appendages not all biramose. . , 
Cx Abdomen large and wider than the small cephalothorax. . .2. Stoicatopoda^ 

c t Abdomen narrow 3. Cumacea 

a, Carapace covers the entire thorax 4. Deoafoda 

Order 1. SCHIZOPODA. 

Body elongate and usually more or less transparent and with a thin 
carapace which covers nearly all of the thorax; the 8 thoracic feet may 
all support gills and are biramose, the anterior 2 pairs being slightly 
modified to form maxillipeds; eggs carried beneath the thorax as in the 
Arthro8traca; young born in some species as nauplii: 3 families and 
about 300 species, mostly marine; 11 American species. 

Family MYBIDAE. 

No gills present; first 2 pairs of thoracic appendages (maxillipeds) 
shorter than the following 6; abdominal appendages often rudimentary 
in female; the endopodites of the uropods bear each an auditory sac; 
2 to 7 pairs of marsupial plates beneath the thorax within which the 
young develop: 21 genera and 90 species, mostly marine. 

1. Mysis Latreille. Body laterally compressed; fourth pair of ab- 
dominal appendages in male are long stilets ; antennal scale long : often 
in swarms in the North Atlantic; 23 species, 4 American, 1 in fresh 
water. 

• See "The Stalk-eyed Crustaceans of the Atlantic Coast," etc, by 8. I. 8mlth, 
Trans. Conn. Acad., YoL 5, p. 27. 
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M. Btenolepis S. I. Smith (Fig. 613). Body cylindrical; carapace 
with a short, blunt rostrum, and with its lower anterior margin extended 
to form a sharp tooth; body bends between the first and second abdom- 
inal segments; length, male, 
23 mm., female, 30 mm.; 
color white, with black stel- 
late spots: coast of New 
England and southwards, 
often common in eel grass. 

11 relicta Loven (Fig. 





613 — My sis stenolepis (Paulmder). 



Fig. 614 ~ M V9ia relicta 
1, flagella of first antenna; 
antenna; 3, second antenna. 



(SOssw. P. Dent.). 
2, scale of second 



614). Body slender, 18 mm. long: 
in Lakes Superior and Michigan; Europe and 
Asia, in large fresh-water lakes. 

Hetebomysis S. I. Smith. First pair of thoracic 
legs larger than the others 
and ending each with a 
claw; antennal scale very 
small; abdominal append- 
ages rudimentary in both 
male and female: one 
species. 

H. formosa Smith. Length of male 6 mm., of female 8.5 mm; 
females rose-colored; males colorless: coast of New 
England, in eel grass or often in dead mollusk shells, 
sometimes in swarms. 

Order 2. STOMATOPODA/ 

Body large, with a small flat carapace which does 
not cover the posterior thoracic somites, with a broad 
elongated abdomen bearing gills on the appendages; 5 
pairs of maxillipeds, the second pair being much larger 
than the rest and subchelate, and 3 pairs of periopods; 
heart long and tubular; liver, testes, and ovaries extend- 
ing the length of the thorax and abdomen, the testes 
being a pair of delicate tubes and the ovaries a broad 
median band: 10 genera and about 90 species, all 
marine; often used for food. 

Sqttclla Fabricius. Five posterior thoracic 
somites not covered by the carapace, of which the first 
is very small and the second has a lateral spur on each side and the last 
3 bear the periopods : 21 species. 

• See "Report on the Crustacea of the Order Stomatopoda," etc., by R. P. Blglow, 
Proc U. 8. N. Mus., Vol. 17, p. 480, 1891. 




Fig. 615— SquiUa 
empusa (Paul- 
meler). 1, first an- 
tenna ; 2, second 
antenna: 3, scale 
of second antenna ; 
4, second maxilll- 

Sed ; 5, periopods ; 
, uropod. 
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S. empusa Say (Fig. 615). First antennae with 3 flagella; second 
shorter and with a very large flat scale (exopodite) ; length up to 25 
cm.; color greenish-gray: Florida to Cape Cod, in shallow burrows in 
the mud, between tide lines and in shallow water, each burrow usually 
having 2 or 3 openings a few feet apart; often very common. 

Order 3. OUMACEA. 

Body small, with a small carapace which does not cover the hinder 
4 or 5 thoracic somites, and with a long slender abdomen; first anten- 
nae short; second antennae short in the female and long in the male; 
mandibles without palp; 2 pairs of maxillipeds and 6 pairs of periopods 
present, 2 to 5 pairs of the latter being biramose (small exopodite pres- 
ent) ; the pleopods, with the exception of the uropods, wanting in the 
female, while in the male 2 to 5 pleopods may be present; a single pair 
of gills on the first pair of maxillipeds; eyes close together and sessile or 
wanting ; the large eggs are earned by the female in a brood pouch under 
the foremost free thoracic segments and the hinder part of the cara- 
pace; the young animals are like the parents in appearance, but are 
without the last pair of thoracic and all the abdominal legs when born: 
9 families and about 300 species, all marine and living mostly in the sand 
and mud. 

Family DIASTYLIDAE. 

With the characters given above: 8 American genera. 

DiASTTLis Say. Seven abdominal segments present, the telson 
being well developed and long and pointed; a single eye or none; the 
3 anterior pairs of periopods in the female 
and the 5 in the male biramose: numerous 
species, several American. 

D. quadrispinosa G. O. Sars (Fig. 
616). Length 10 mm.; body flesh color or ™* K*-^g&f****»» 
brownish; a short spine projects from the 

carapace on each side a little behind the large triangular rostrum: Nova 
Scotia to New Jersey in 2 to 200 fathoms; often very common. 

Order 4. DECAPODA. 

Shrimps, crayfish, lobsters, and crabs. Thoracostracans in which 
the carapace covers the entire thorax, the cephalothorax being cylindrical 
in the Macrura and broad and more or less flattened in the Brachyura; 
gills on the thorax, extending either from the legs (podobranchs), the 
joints (arthrobranchs), or the body wall (pleurobranchs) and situated 
in the gill chamber on each side of the body (Fig. 623) ; abdomen well 
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developed in the former group and small and bent under the cephalo- 
thorax in the latter; 3 pairs of maxillipeds and 5 pairs of periopods 
present; first pair of periopods (chelipeds) usually much larger than the 
others and chelate, forming the pinching claws (chelae) ; other periopods 
also often chelate ; eggs and sometimes the young carried on the pleopods : 
about 6,000 species, mostly marine; the crayfish, certain crabs, and a few 
others being fresh-water or terrestrial animals; 2 suborders. 
Key to the suborders of Decapoda : 

Ox Body more or less cylindrical and elongate; antennae long; tail fin 

usually present 1. Macbuba 

a, Cephalothorax short and broad, with the abdomen bent under it ; crabs. 

2. Braohtura 
Suborder 1. MACRURA.* 

Body more or less cylindrical and elongate with a well-developed 
abdomen, at the hinder end of which is usually a swimming 'fin formed 
of the sixth pair of pleopods (uropods) and the telson; antennae well 
developed and usually long, the first antenna having 2 or more flagella, 
the second usually with an antennal scale; the young are born as nauplii 
in Peneus and Lucifer, but in most other forms in a more advanced larval 
stage: about 10 American families grouped in 4 tribes. 

Key to the tribes of Macrura: 

Cj Last pair of thoracic feet normal ; swimming fin present. 
bx Shrimps and prawns; body rather small and transparent; antennal 

scale large (Fig. 617) 1. Caridea 

5a Burrowing marine animals of moderate size; antennal scale usually 

absent 2. Thalassinidba 

o s Crayfish and lobsters ; body of moderate or large size, with small anten- 
nal scale, or none 3. Astacidea 

<h Last pair of thoracic feet reduced and projecting upwards ; no swimming 

fin ; hermit crabs, etc 4. Anomura 

Tribe 1. CABIDEAf (Macrura natantia.) 

Shrimps and prawns. Small forms with a compressed and more or 
less transparent body; carapace smooth, without sutures and with a long 
rostrum; antennal scale large; thoracic legs usually long and delicate: 
about 17 families and several hundred species. 

Key to the families of Caridea here described : 

Ox First 3 pairs of periopods not all chelate. 
&! Second pair of periopods only chelate ; first pair very stout and sub- 

chelate .1. Cbangonidae 

6, First 2 pairs of periopods usually chelate ; first antennae with 3 flagella. 

2. PALiEMONIDAE 

a, First 3 pairs of periopods chelate 3. Peneidae 

• See "Embryology and Metamorphosis of the Macronra," by W. K. Brooks and 
F. H. Herrick, Mem. Nat. Acad. Sci., Vol. 5, 1892. 

t See "Synopsis of the Caridea of North America/' by J. S. Kingsley, Am. Nat, 
Vol. 33, p. 700, 1899. 
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Family 1. CRANGONIDAE. 

Shrimps. Second antennae long, with a large antennal scale; first pair 
of periopods much stouter than the others and subchelate; second pair of 
periopods small and chelate; mandibles slender, not bifid or expanded at 
the tip and without a palp: marine; about 10 American genera. 

Osanoon Fabricius. Cephalothorax 
somewhat depressed; rostrum short; first 
antennae with 2 fiagella : 15 species, about 8 
American. 

0. vulgaris Fabr. The edible shrimp 
(Fig. 617). Length 5 cm.; color light, with 
dark markings: Labrador to South Caro- 
lina; Europe; Pacific coast; common at the 
bottom of sandy bays, in shallow water, often 
buried in the sand. 
(i^ni8^ 17 "i? r fl5St\Sffi 0. boreas (Phipps). Three median dor- 

Scaler ^sewnd'anfenna! 1111 * sal spines on cephalothorax : Atlantic coast as 

far south as Cape Cod; North Pacific coast. 

0. franciscorum Stimpson. The California shrimp. Length 7 cm.; 
posterior margin of fifth abdominal segment with a spine on each side; 
movable finger of cheliped long and parallel with the hand: common at 
San Francisco. 

Family 2. PAL^JMONIDAE. 

Prawns and shrimps. Second antennae long, with a large antennal 
scale; first antennae with 3 fiagella; third maxillipeds foot-like; mandibles 
with a bifid tip ; rostrum long and usually serrate : mostly marine ; about 
12 American genera. 

Key to the genera of PaUemonidae here described : 

a, Right and left claws of the first pair of periopods of the same sise. 
6i First pair of periopods shorter but not thicker than the second, 
c, First 2 pairs of periopods chelate. 

d t Mandibular palp absent 1. Pauemonetes 

d, Mandibular palp present 2. Palsmom 

c t First pair of periopods not chelate 3. Panoalus 

6, First pair of periopods thicker than the second ; abdomen bent down at 
the third segment. 

c x Mandibular palp present 4. Hippoltte 

c, Mandibular palp absent 5. Virbius 

a, Right and left claws of the first pair of periopods of different sise. .6. Alpheub 

1. PAL2EXONETE8 Heller. Mandibles without palp; first 2 pairs of 
periopods chelate, the first pair being smaller than the second: about 6 
species, 3 American, in salt, brackish, and fresh water. 
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Fig. 618 — Patemonetei vulgaris (Verrill). 



P. vulgaris (Say). Common prawn (Pig. 618). Rostrum long, 
straight and serrate; length 45 mm.; body translucent, with brownish 
spots: Massachusetts to Florida; common on rock weed, and eel grass 
on muddy bottoms, often where the water is brackish or fresh. 

P. paludosa (Gibbes). 
Length 35 mm.; rostrum serrate 
below as well as above: in 
fresh-water lakes and streams 
in eastern North America (Lake 
Erie, etc.). 

2. Paukmon 
Fabricius. Like 
Palaemonetes but 

with a 3- jointed mandibulary palp (Fig. 619): about 70 species, 3 
American; in salt and fresh water. 

P. ohionis S. I. Smith. Length 6 cm.; carapace about a quarter the 
length of the body, with a lateral spine on each side: Ohio and Missis- 
sippi Rivers; often used for food. 

3. Pawdalus Leach. Deep-water prawns. First 
and second pairs of periopods slender, the first 
not chelate, the second chelate: 10 American 
species. 

P. montagni Leach. Length 10 cm.; body with 
transverse red stripes; appendages thickly spotted 
with red: Chesapeake Bay to Greenland; Europe; in 
10 to 100 fathoms. 

4. Hippolttz Leach. First 2 pairs of periopods chelate, the first 
pair shorter and thicker than the second; abdomen sharply bent down 
at third segment; mandibular palp present: numerous species, about 
30 American. 

H. pusiola Kroyer. Length 25 mm. ; 
pale gray or flesh color, brightly spotted 
with red, usually with a mid-dorsal 
white stripe, and sometimes 

with transverse bands of red f "* 820 ^g*Jgy. zmtmmU 
and white: often common on 
rocky bottoms in shallow water from Vineyard Sound to Greenland; 
Europe. 

6. VntBittS Stimpson. Similar to Hippolyte but without a man- 
dibular palp : many species, 2 American. 

V. zostericola S. I. Smith (Fig. 620). Rostrum straight and as 
long as the carapace, the latter being smooth and with 3 spines on an- 




Flg. 619— Mandible 

of Palwrnon, 

showing palp 

(Smith). 
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terior part; abdomen sharply bent at the third segment; length 15 to 26 
mm. ; color translucent, usually greenish and spotted with red : Vineyard 
Sound and southwards, common in eel grass. 

6. Alfhettb Fabricius. First pair of periopods larger than the 
others and chelate, the right and left claws of the first pair being thick 

and of very unequal size; rostrum small 
or absent; abdomen not sharply bent; 
eye stalks short and hidden: about 
one hundred species, twelve American, 
living principally along our southern 
coasts. 

A. minus Say. Rostrum present; 
hinder feet with spines beneath; length 
Pig. mi—Aipkeua heterochelis 4 cm#: Atlantic coast from New Jersey 

to Florida; southern Calif ornian coast. 
A. heterochelis Say (Fig. 621). Large claw with a constriction at 
its middle; rostrum spiniform; length 5 cm.: Virginia to Florida; 
California. 

Family 3. PENEIDAE. 

Southern shrimps and prawns. First 3 pairs of periopods chelate, 
the third pair being the largest ; rostrum long ; second antennae long, with 
a large scale; abdomen compressed and not bent sharply: about 2 
American genera, marine, inhabiting chiefly the tropics and the deep sea. 

Penetjs Latreille. Rostrum serrate; eye stalks jointed; the young 
born as nauplii : 3 American species. 

P. setiferus (L.). A lateral groove on each side of the forward half 
of the carapace ; flagella of first antennae very short ; length up to 16 cm. : 
common in shallow water along the coast from Virginia southwards, 
where it is an article of food, the larger individuals being known in the 
market as prawns and the smaller as shrimps. 

P. brasiliensis Latreille. Like P. setiferus, but with the lateral 
grooves extending the length of the carapace: Atlantic coast north 
to Cape Cod, occurring with P. setiferus. 

Tribe 2. THALA88INIDEA.* 

Animals of moderate size, with a cylindrical or flattened and trans- 
lucent body and a large abdomen; carapace with 2 longitudinal sutures; 
antennal scale usually wanting; first pair of periopods form pinching 
claws of unequal size: marine, burrowing animals; 3 families and about 
75 species. 

♦ See "Synopsis of Astacoid and Tbalasslnoid Crustacea," by J. 8. Klngaley, Am. 
Nat., Vol. 33, p. 819, 1899. 
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Family CALLIANA88IDAE. 

With the characters given above: about 7 American genera. 

1. Oat.t.tanassa Leach. Cuticula soft and smooth; first 2 pairs of 
periopods chelate, the first pair being large and very unequal in size ; eye 
stalks flattened; third pair of maxillipeds flattened: about 20 species, 6 
American. 

0. stimpsoni S. I. Smith. Length 6 cm.; 
small cheliped about half as long as the large 
one; carapace smooth and glossy: from Long 
Island Sound southwards, in burrows in the 
mud between tide lines and in shallow water. 

2. Oebza Leach. Cuticula soft and smooth ; Fig. 622— Gebia afflnto 

(Verrill). 
forward portion of cephalothorax compressed, 

with a triangular, hairy rostrum; second pair of periopods not chelate; 

third pair of maxillipeds pediform: 10 species, 2 American. 

G. affinis Say (Fig. 622). Length 10 cm.: Long Island Sound to 

South Carolina, living in burrows in the mud between tide lines and in 

shallow water. 

Tribe 3. ASTAOIDEA. 

Lobsters and crayfish (Sig. 623). Body of moderate or large size 
and with a thick shell; first antennae with 2 flagella, second either with a 
scale or with none and much longer than the first; no longitudinal 
sutures, but usually a transverse cervical suture in the carapace: 4 
families and about 150 species. 

Key to the families of Astacidea here described : 

Ox Antennal scale and cheliped present 

& t Animals marine 1. Nephropsidae 

6, Animals in fresh water 2. Astacidae 

o, Antennal scale and cheliped absent 3. Palinusidae 

Family 1. NEPHROPSIDAE. 

Lobsters. Body of large size; rostrum dentate along the lateral 
margins; first 3 pairs of periopods chelate, the first pair very large, 
forming the pinching claws: 3 genera. 

HoXABxrs Milne-Edwards. Rostrum with 3 teeth on each side; sec- 
ond antennae with a small scale; eyes round: 2 species. 

H. americanus* M.-Ed. American lobster. Length up to 60 cm.; 
greatest weight 13 kg. or over 28 pounds; length of the average adult 
lobster 25 cm.; average weight less than a kg. or about one and three- 
quarters or two pounds; color usually dark green with darker spots and 

• See "The American Lobster," etc., by P. H. Herrick, Bull. U. S. Pish. Com. for 
1895. "Natural History of the American Lobster," by same, Bull. Bureau Fish., Vol. 
29, p. 149, 1909. 
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yellowish underneath: Atlantic coast from Labrador to North Carolina, 
in shallow water in summer and in deeper water in winter. Lobsters are 
caught mostly off the coast of Canada and the New England states and 

are our most important 
food crustacean. The an- 

^_ nua ^ catcn nas amounted 
> y^£C*=tt^ Nfll 3£>vY2^ to over 100,000,000 in 

some years but is now 
much less. 

Family 2. ASTACIDAE. # 

Crayfish. Body not so 
large as in previous fam- 
ily; rostrum without lat- 
eral teeth: several genera 
and over 100 species; in 
fresh water. 

Key to the genera of 
Astacidae here described: 

Oa Pacific slope crayfish. 

1. Astacus 

a, Atlantic slope and 
Mississippi valley 
crayfish. 2. Cambabus 




7 C V 

Fig. 623 — A, diagram of a crayfish showing 
arrangement of internal organs (McMurrich) ; IS, 



diagram of cross section of the cephalothorax 
showing gill chamber ; C, interior of gill chamber 
of AstacuM, the outer wall having been removed 
(SUS8W. F. Deut.). 1, pleurobranch ; 2, upper 
arthobranch ; 3, lower arthrobranch ; 4, podo- 
branch ; 5, gill chamber ; 6, pleurobranch of the 
last thoracic somite; 7, last perlopod; 8. gills; 

9, first perlopod; 10, mouth; 11, stomach; 12, 
liver ; 13. heart ; 14, gonad ; 15, dorsal artery ; 

10, Intestine ; 17. anus ; 18, ventral artery ; 19, 
nerve chord ; 20, kidney. 



1. Abtaotts Fabricius. 
A pair of gills (pleuro- 
branchs) on the last tho- 
racic somite (Fig. 623, 
C, 6), and 18 pairs in all: about 15 species, 5 on the Pacific slope, the 
remainder in Europe and Asia. 

A. nigrescens Stimpson. Chelae naked on outer face; margins of 
rostrum denticulate; length 10 cm.; color dark greenish: San Francisco 
to Alaska, near the coast; used for food. 

2. Cambaeusj Erichson. Common American crayfish (Fig. 623). 

• See "Monograph of the North American Astacidae," by H. A. Hagen, Mem. Mus. 
Comp. Zool., Vsl. 3, 1870. "The Crayfish," by T. H. Huxley, 1881. M A Revision of 
the Astacidae," by W. Faxon, Mem. Mus. Comp. Zool., Vol. 10, 1885. "Observations 
on the Astacidae," etc., by W. Faxon, Proc. U. S. Nat. Mus., Vol. 20, p. 643, 1898. 
"Synopsis of the Astacidae of North America," by W. P. Hay, Am. Nat, VoL 33, p. 
957, 1899. "The Young of the Crayfish Astacus and Cambarus," by E. A. Andrews, 
Smithsonian Contributions to Knowledge, Vol. 35, p. 1, 1907. 

f See "Ecological Catalogue of the Crayfishes Belonging to the Genus Cambarus," 
by J. Arthur Harris, Kansas Univ. Sd. Bull., Vol. 2, p. 51, 1903. "The Crawfishes 
of the State of Pennsylvania," by A. E. Ortmann, Memoirs of the Carnegie Museum, 
Vol. 2, p. 343, 1906. "Breeding Habits of the Crayfish," by E. A. Andrews, Am. Nat., 
Vol. 38, p. 165, 1904. 
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(mau 



pinquua; 
O. diogenea, 



624 — The anterior abdominal appendage 
in Cambarua (Ortmann). A, O. pro- 
B, O. limoaua; C, O. bartoni; D, 



No gills on the last thoracic somite and 17 pairs in all; first pair of 
swimmerets bifid and often hooked at the apex in the male: about 70 
species, all in North America 
and east of the Rocky Moun- 
tains. The animals live in 
streams, lakes, and swamps, 
resting under stones or in 
burrows or among aquatic 
vegetation near the surface; 
a few species are terrestrial, 
living in burrows. Crayfishes 
are omnivorous feeders, eat- 
ing decaying animal and plant substances, but also living animals and 
plants. Spawning occurs in the springtime and pairing in the fall in the 

case of C. diogenes and C. limosus 
and others, but C. bartoni and others 
probably pair and spawn the year 
round. The eggs are carried by the 
mother attached to her abdominal 
legs until they hatch; the young ani- 
mals when born have the form of the 
parents and live for a while with the 
mother, holding on to her abdominal 
legs with their claws. Crayfishes are 
used for food in New York and other 
large cities. 

0. bartoni* (Fabricius) (Fig. 624, 
C). First pair of abdominal append- 
ages of the male terminated with 2 
strongly recurved tips; length 8 cm.; 
the eastern specimens have a short 
quadrangular rostrum ; in the western 
specimens the rostrum tends to be 
elongate; body with few or no hairs; 
carapace depressed: North America, 
almost to the Mississippi, but espe- 
cially along the Atlantic slope, usu- 
ally in clear, small streams, but also 
occasionally in muddy ones where it may burrow; one of our most 
widely distributed and commonest crayfish. 




Fig. 625 — Cambarua pelluoidua 
(Klngsley). 1, first antenna; 2, 
second antenna ; 3, antenna] scale ; 
4, perlopods; 5, carapace: 6, abdo- 
men ; 7, uropod ; 8, telson ; 9, rostrum. 



• See "Notes on the Habits of Certain Crayfish,' 
7, p. 80, 1873. 



by C. C. Abbott, Am. Nat, VoL 
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0. limosufl (Rafinesque) (C. affinis Say) (Fig. 624, B). First pair of 
abdominal appendages of the male terminated with 2 short, straight, diver- 
gent tips; length 10 cm.; body hairy all over; sides of carapace spiny; 
rostrum broad with parallel sides: eastern North America, not west 
of the Alleghenies; common in the larger rivers, usually does not 
burrow; the crayfish which is most commonly sent to the New York 
markets. 

0. pelluddus (Tellkampf) (Fig. 625). First pair of abdominal 
appendages clavate, the outer part being truncate and toothed; eyes 
atrophied; length 9 cm.: in caves in Indiana and Kentucky. 

0. diogenes Girard (Fig. 624, D). First pair of abdominal appen- 
dages in male terminate with 2 strongly recurved tips; rostrum rather 
slender; length 8 cm.: widely distributed and often common in the entire 
country east of the Rocky Mountains; preeminently a burrowing species, 
being found in swamps and meadows often far from a stream; the bur- 
rows are from 1 to 3 feet deep, with an enlargement at the bottom filled 
with water; often with a chimney to the height of several inches over 
the top. 

0. virilis Hagen. First pair of abdominal appendages in male acute, 
tapering, divergent; length 8 cm.: common in central states, in large 
rivers and lakes. 

0. propinquus Girard (Fig. 624, A). First pair of abdominal appen- 
dages in male terminating in 2 elongate straight convergent tips; length 
7 cm. ; rostrum with a median ridge : common throughout the central part 
of the country, especially in large rivers and lakes. 

Family 3. PALINURIDAE. 

Spiny lobsters. Body of large size; antennal scale absent; none of 
the periopods chelate: several genera. 

PAHTTLERTni Gray. Rostrum absent ; flagella of antennae long: several 
species. 

P. argufl (Latreille). Florida crayfish. First pair of antennae with 
a very long basal joint; body 20 to 40 cm. long; color violet, red, and 
brown : common on coral reefs oft the Florida coast ; an important article 
of food. 

Tribe 4. ANOMU&A. 

Last pair of thoracic legs reduced in size and extend backwards and 

upwards ; a swimming fin usually not developed : 2 families, both marine. 

Key to the families of Anomura: 

Ox Animals burrow in the sand 1. HifpidaE 

a, Animals live Id snail shells ; hermit crabs 2. Pagueidax 
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Family 1. HIPPIDAE. 

Cephalothorax cylindrical, with the abdomen bent under it; telson 
triangular and elongate; first pair of periopods not chelate: 3 genera and 
about 20 species, which burrow in the sand. 

Hippa Fabricius. Second antennae long and fringed, with long hairs 
on its hinder surface; eye stalk very long: 2 species, 1 American. 

H. talpoida Say. The sand bug (Fig. 626). 
Length 25 mm.; color whitish tinged with purple on 
the back: Cape Cod to Florida; Pacific coast; very 
common on sand bottoms and beaches, in which it 
burrows with great rapidity. 




Fig. 626 

Hippa talpoida 

(Verrlll). 



Family 2. PAGUBIDAE. 

Hermit crabs. Cephalothorax flattened, and with 
a hard shell; abdomen usually asymmetrical, elon- 
gate, and soft ; eye stalks long ; first pair of periopods 
large and chelate, last pair reduced in size and extend- 
ing backwards and upwards, abdominal appendages rudimentary or 
wanting, the last pair used to hold the animal in the snail shell in which 
it lives. Allied to the hermit crabs is one of the most remarkable terrestrial 
decopod crustaceans, Birgus latro, the palm crab of the Pacific. It lives in 
holes in the ground and seldom goes into the water, but breathes air, the gill 
chambers' being converted by the presence of a network of blood capil- 
laries into lungs, while the gills are 
very small. Its food consists of cocoa- 
nuts, which, however, it does not climb 
the trees to get, as it is popularly 
supposed to do. The family contains 
about 20 genera. 

PAeuBTO Fabricius. First pair of 
antennae short, second pair long; right 
claw usually the larger: the animal 
lives in the empty shell of some marine 
snail which it carries about with it, and 
as it increases in size changes for a 
larger one; the shell is frequently more or less covered with colonies of 
a hydroid, Hydr actinia echinata, with which it lives in commensalism, 
the hydroid enlarging the shell by building up its free edge and thus 
saving the crab the necessity of changing its abode; over 100 species. 
P. longicarpns Say. Small hermit crab. Chelae smooth and elon- 
gate: very common from Maine to South Carolina, usually inhabiting the 
shells of small snails in rock pools and shallow water along the beach. 




Fig. 627 — Paguru* pollicarii, out of 
its shell (Paulmeier). 
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P. pollicarifl Say (Fig. 627). Large or warty hermit crab. Chelae 
covered with tubercles, and very wide and stout, and used by the animal 
to close the opening of the shell: Maine to Florida, usually inhabiting 
the shells of Fulgur, Natica, or other large snails in deeper water along 
the shores. 

Suborder 2. BRACHYURA. 

Crabs. Cephalothorax short and broad, with the small abdomen 
bent under it; abdomen of the male very narrow, with rudimentary legs 
and fitting into a groove of the ventral surface of the cephalothorax; 
abdomen of the female broad, with 4 pairs of well-developed bi ramose 
legs to which the eggs are attached; antennae very short and often foot- 
like; third pair of maxillipeds fiat and plate-like and covering the other 
mouth parts; the 5 pairs of periopods well developed, the first pair form- 
ing the large pinching claws ; the abdominal legs much reduced, from 1 to 

4 pairs being present; no 
uropods present; young usu- 
ally born in the zocea stage 
and pass through the mega- 
lopa stage before reaching 
maturity (Fig. 628). 

The crabs are the high- 
est crustaceans. They occur 
mostly in the sea, living on 

or near the bottom, from tide 
Fig. 628— r^i^ae B Of ra Crab oj (Clau 8 ). A, aocea; Hneg to very great dept h s . 

Some, however, like the blue 
crab, swim very well and rapidly and are frequently seen near the 
surface. Some species, like the fiddler crabs and the sand crabs, live 
near the high-water line or above it and have become to a greater or 
less degree terrestrial animals. They run about rapidly over the sand, 
in which they dig deep burrows, and their gills and gill chamber are 
especially adapted to the absorption and retention of moisture from 
the damp sand. Still other crabs, as those belonging to the Gecarci- 
nidae, the land crabs which are often distinguished by their large 
size, are found habitually far from the water, to which they return period- 
ically to deposit their eggs. Cardisoma guanhumi, the common land crab 
of the West Indies and Bermuda, occasionally makes its appearance in 
Texas. The crabs of the family Thelphusidae live exclusively in fresh 
water, the best-known representative being Thelphusa fluviatilis, the com- 
mon fresh-water crab of southern Europe. The suborder contains 4 
divisions. 
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Key to the divisions of Brachyura here described: 

a t Carapace more or less triangular, being narrow in front. . . .1. Oxybhyncha 
a, Carapace more or less circular, elliptical or rectangular, with a wide- 
arched or straight front margin. 

5j Carapace elliptical, with an arched front 2. Cyclometopa 

b t Carapace rectangular, with a straight front margin 3. Catometopa 

Division 1. OXYBHYNCHA.* 

Carapace usually narrow and triangular in front and broad and 
rounded behind; 9 pairs of gills; first antennae longitudinally folded: 
3 families. 

Family MAIIDAE. 

Carapace narrow in front, rounded and broad in the middle, taper- 
ing anteriorly to the prominent rostrum, which may be bifurcate: about 
34 American genera, all marine and littoral and occurring principally in 
southern waters ; some of the species have the habit of concealing them- 
selves by placing on their backs with their pincers, algae, sponges, etc., 
which often grow there. 

1. LiBnrxA Leach. Spider crabs. Eyes can be retracted into orbits, 
which conceal them; rostrum bifurcate; body covered with a dense 
growth of chitinous hairs which give it a furry appearance ; it may also 
have growing on it hydroids, algae, worm 

tubes, etc., which tend to conceal it : 6 species. 

L. emarginataf Leach (Fig. 629). Cara- 
pace evenly rounded behind and with 
spines on the back, 9 of these being median 
in position; legs long, the chelipeds in the 
male being very long; length of carapace 7 
cm.; breadth 6 cm.: Atlantic coast from 
Maine to Florida, very common on mud n * ^^"d™)?^*^ 
flats and oyster beds. 

L. dubia Milne-Edwards. Like the above, but with fewer spines on 
the back, 6 of which are median: Cape Cod to Florida; less common than 
L. emarginata. 

2. Hyas Leach. Carapace more or less triangular; rostrum bifur- 
cate, the 2 branches converging, eyes in orbits but not completely con- 
cealed: 3 species. 

H. coarctatus Leach. Toad crab. Lateral edges of carapace dilated 

* See "Catalogue of the Crabs/' etc., by Mary J. Bathbun, Proc. U. 8. Nat. Mus., 
Vol. 15, p. 231, 1892; also Proc. U. 8. Nat. Mus., Vol. 16, p. 68, 1893. "Synopsis of 
tbe Oxyrbynchous and Oxy stoma tous Crabs of North America," by Mary J. Rathbun, 
Am. Nat., Vol. 34, 1900. 

t See "On the Anatomy of Llblnia emarginata," by B. A. Andrews, Trans. Conn. 
Acad., Vol. 6, p. 99, 1884. 
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anteriorly; length of carapace 8 cm.; width 6.4 cm.: Greenland to Vir- 
ginia; Europe; North Pacific; in 5 to 1,000 fathoms. 

3. Pelia Bell. Carapace triangular, and much longer than broad; 
surface smooth; eye stalk in an orbit but not completely concealed: 2 
American species. 

P. mutica (Gibbes). Small spider crabs. Claw of male with nearly 
parallel sides and with edges which meet only at the tip: Cape Cod to 
Florida and the Gulf of Mexico, from low-water mark to 15 fathoms. 

Division 2. OYOLOMETOPA.* 

Carapace more or less circular or elliptical in form and usually 
broader than long, the front forming a regular arch, and without a 
distinct rostrum; 9 pairs of gills present: 6 families. 

Key to the families of Cyclometopa here described : 

Oj First antennae folded longitudinally or nearly so 1. Cancridae 

a, First antennae folded transversely or obliquely. 

b x IstLBt pair of legs not flattened for swimming 2. Pilumnidae 

6» Last pair of legs flattened for swimming 3. Pobtunidae 

Family 1. CANCRIDAE. 
Carapace usually broader than long and with very short rostrum 
or none at all; anterior margin arched and serrate; last pair of legs 
pointed at the end: about 4 genera. 

Cancer L. Carapace flattened, and more or less elliptical in shape; 

the outer maxillipeds completely cover 
the other mouth parts: 11 American 
§&&£ ^h species, 2 on the Atlantic coast. 

0. irroratus Say. Rock crab (Fig. 

C* h'W ' ^'TKvS 630). Anterior margin of carapace 

ifr' **Wii^EK&y w ^ 1 ^ klunt * eetn on eacn side; length 

of carapace 7 cm.; breadth 10 cm.; 

color yellowish, thickly spotted with 

small reddish dots: Labrador to South 

Fig.. 630 — Cancer Uroratu* r»«„~i:«« . ~~.«.«~~ «.«~— _««i,„ «~j 

(Bathbun). Carolina; common among rocks and 

in the sand, in which it may lie buried, 

from low water to 300 fathoms ; the commonest crab on the New England 

coast, where it is occasionally used for food. 

0. borealis Stimpson. The northern or Jonah crab. Similar to the 

preceding but larger, with a more convex and much rougher carapace; 

color brick red : Labrador to Connecticut, often common among the rocks 

in exposed places, not living under the rocks or in the sandy or muddy 

bays. 

• See "Synopilg of the Cyclometopous or Cancroid Crabs of North America," by 
Mary J. Bathbun, Am. Nat., Vol. 34, 1900. 
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0. magister Dana. The edible crab of California. Carapace 12 
cm. long and 15 cm. wide, with 9 short spines on each side of the anterior 
margin; color reddish-brown: common below low-water mark on the 
entire Pacific coast, where it is used for food. 

Family 2. PILTJMNIDAE. 

Small dull-colored crabs with the first antennae folded transversely 
or obliquely, with a nearly round cephalothoraz and without swimming 
periopods: about 15 American genera, mostly southern. 

PAV0PEU8* Milne-Edwards. Mud crabs. Carapace slightly broader 
than long : small, inconspicuous crabs which live on muddy bottoms along 
the shore, often on oyster beds in brackish water, or even in fresh water; 
about 14 American species. 

P. (Neopanopeus M.-Ed.) sayi S. I. Smith (Fig. 631). Carapace 
somewhat convex, with a dentate anterior border; male abdomen with 
the terminal segment triangular and somewhat broader than long; 




* a 




Fig. 631 Fig. 632 Fig. 633 

Fig. 631 — Panopeus sayi (Paulmeier). A, dorsal aspect; B, male abdomen. 
Fig. 632 — Panopeus depreseus — male abdomen (Paulmeier). Fig. 633 — Panopeus 
lierbsti — the large claw (Benedict). 

length of carapace 17 mm.; breadth 22 mm.; color dark and dull: Massa- 
chusetts to Florida; common. 

P. (Eurypanopeus M.-Ed.) depresses Smith (Fig. 632). Like 
P. sayi but with a flatter carapace and with a terminal abdominal seg- 
ment in the male which forms an equilateral triangle, with arched sides; 
length of carapace 14 mm. ; breadth 19 mm. : Cape Cod to Florida. 

P. herbsti M.-Ed. (Fig. 633). Carapace with a dentate anterior 
border and with a tubercle just beneath the first tooth ; the larger claw 
with a stout tubercle at the base of the movable segment; terminal 
abdominal segment in male rounded; length of carapace 40 mm.; breadth 
60 mm.: Long Island Sound to Florida; near high-water mark. 

Family 3. POBTUNJLDAR 

Swimming crabs. Carapace broader than long and with a well- 
defined serrate, anterior margin; the last pair of periopods broad and 

• See "The Genus Panopeus," by James B. Benedict and Mary J. Rathbun, Proc. 
U. 8. Nat. Mus. v VoL 14, p. 355, 1891. 
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flattened at the end, and except in Carcinides mcenas not pointed, forming 
effective paddles: 7 American species. 

1. Gallxheotes* Stimpson. Carapace about twice as broad as long, 
the anterior margin forming a serrated arch, at each end of which is a 
long, sharp spine: about 4 species on the coast of the southern states. 

0. sapidms Rathbun (C. hasta- 
tu8 Say). Blue or edible crab 
(Fig. 634). Length of carapace 7 
cm.; breadth 13 cm.; color dark 
green ; feet blue : Cape Cod to Lou- 
isiana, common on muddy bottoms 
in shallow, brackish or even fresh 
water, often swimming among sea- 
weed or near the surface; next to 
the lobster our most important 
food crustacean. 

2. Ovaupes Rathbun (Platyonichus Latreille). Carapace not very 
broad, being almost round, with 5 acute teeth on each side of the 
anterior margin; 1 species. 

0. ocellatus (Herbst). Lady crab (Fig. 635). Length of carapace 
5 cm. ; breadth 6 cm. ; color light with red spots : Cape Cod to the Gulf 
of Mexico, on sand beaches; is used for food in the South. 




Fig. 634 — Callinectea sapidus (Rathbun). 




Fig. 635 Fig. 636 

Fig. 635— talipes ocellatus (Bathbun). Fig. 636 — Carcinides memos (Rathbun). 

3. Carcinides Rathbun (Carcinus Leach). Carapace slightly 
broader than long; chelipeds rather short; last pair of thoracic feet flat- 
tened but with pointed tips: 1 species. 

0. m»nas (L.). Green crab (Fig. 636). Carapace with 5 large, 
acute teeth on the forward margin on each side; length 4 cm.; breadth 
5 cm.; color green, mottled with yellow: Cape Cod to New Jersey; 
Europe, where it is used for food; among the rocks in shallow water; 
breeding season in spring. 

• See "The Genua Callinectea," by Mary J. Rathbun, Proc. U. 8. Nat Mas., VoL 
18, p. 340, 1895. 
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Division 3. GATOMETOPA.* 

Carapace more or less rectangular, with a wide, straight ante- 
rior margin and a straight but narrower hinder margin; no rostrum pres- 
ent: 4 families, including the land and strand crabs, which are among 
the most active and intelligent crabs. 

Key to the families of Catometopa here described : 

Ox Carapace soft and membranous; in oyster or mussel shells. 1. Ptnnotheridae 
a, Carapace hard and firm 2. Octpodioab 

Family 1. PINNOTHEBIDAE. 

Carapace nearly circular and more or less membranous; eye stalks 
very small: small crabs, the females of which live in the mantle cavity 
of certain pelecypods or in annelid tubes, the males being 
free- swimming; 1 genus. 

PnoroTHEEES Latreille. With the characters of the 
family: several species. 

P. ostreum Say. Oyster crab. Surface of body 
smooth and shiny; length and breadth of carapace about 
5 mm.: in the mantle cavity of the oyster. 

P. maculatus Say. Mussel crab (Fig. 637). Surface hairy; length 
and breadth about 8 mm. : in the mantle cavity of Mytilm edulis and other 
bivalves, from Cape Cod to South Carolina. 

Family 2. OCYPODIDAE. 

Carapace broad anteriorly and more or less quadrangular; eye stalks 
long, each lying in an elongated groove-like orbit: 6 American genera. 

1. OCYPODEf Fabricius. Carapace square in shape, with distinct 
lateral margins ; chelipeds small, somewhat unequal ; other periopods flat, 
with pointed tips; eye stalks stout: 1 American species. 

0. albicans}: Bosc (0. arenaria Say). Sand crab. Length of carapace 
30 mm.; breadth 35 mm.; chelipeds of nearly the same size in both sexes; 
claw with serrated margins : New Jersey to Florida and southwards, living 
in deep burrows above high- water mark; a very active crab which has 
become a terrestrial animal. 

2. Uoa§ Leach (Gelasimus Latreille). Fiddler crabs. Chelipeds of 
male of very unequal size, one, usually the right, being enormously devel- 

• 8ee 'The Catometopous or Grapsotd Crabs of North America/' by Mary J. 
Rathbun, Am. Nat, Vol. 34, p. 583, 1900. 

t See "Carcinological Notes, No. Ill, Revision of the Genus Ocypoda," by J. 8. 
Klngsley, Proc Acad. Nat. Sci., Phil., for 1880, p. 179. 

t See "Habits, Reactions, and Associations in Ocypoda arenaria/' by R. P. 
Cowles, Monograph No. 103, Cam. Inst, of Wash., 1908. 

| 8ee "Carcinological Notes, No. 11, Revision of the Gelasimi," by J. S. Klngsley, 
Proc Acad. Nat Set, Phila., for 1880, p. 135. 
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oped and carried across the front of the body; eye stalks very long and 
slender; color light brown, mottled with purple and dark brown: small, 
active crabs, living in burrows, often a foot or two deep, in salt marshes 
and on mud and sand flats; they are frequently seen in large droves, and 
have the habit of slowly waving the large claw back and forth, probably 
a threatening attitude; numerous species; cos- 
mopolitan; about 7 American species. 

U. pugnax (S. I. Smith). Inner surface of 
large claw with an oblique ridge, beneath which 
are granules; length of carapace 15 mm.; width 

Fl * VKriS&rT 4 *** ^ mm,: Cape Cod to Florida J conmwra in salt 
marshes. 

U. minax (Le Conte) (Fig. 638). Legs with red patches at the 
articulations; large claws with an oblique ridge on the inner surface; 
length of carapace 25 mm.; width 38 mm.: Cape Cod to Florida; the 
largest of the fiddlers, common in salt marshes, usually farther from 
the sea than the other species, being frequently where the water is 
fresh. 

U. pugilator (Bosc). Length of carapace 15 mm.; width 21 mm.; 
inner surface of large claw without oblique ridge: Cape Cod to Florida, 
on sandy or muddy beaches near high-water mark. 

Class 2. AEACHNOIDEA. 

Arthropods without antennae, in which the body is usually made 
up of two divisions, the cephalothorax and the abdomen, the former rep- 
resenting the fused head and thorax and bearing six pairs of appendages, 
and the latter being in most cases without appendages. The class con- 
tains 2 subclasses. 

Key to the subclasses of Arachnoidea: 

Oj Marine arachnoids of large size, with appendages bearing gills on the 

abdomen, and a long spike-like telson 1. Xiphosura - 

a, Mostly terrestrial arachnoids without abdominal appendages. .2. Arachnid*. 

Subclass 1. XIPHOSURA .• 

King or horseshoe crabs. Large crab-like arachnoids, in which the 
body consists of a cephalothorax, an abdomen, and a long spike-like tel- 
son or tail. The cephalothorax is horseshoe-shaped and unsegmented 
and with an arched dorsal surface, in the center of the ventral surface 
of which is the month. Six pairs of elongate appendages surround the 
mouth, the anterior five of which are chelate, the sixth pair terminating 

• See "Xiphosura,** Camb. Nat. Hist, VoL 4. p. 259, 1900. 
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with a number of movable projections called the pushers, because they 
are used by the animal in pushing itself through the sand and mud. The 
first pair lie in front of the mouth, and are called the mandibles or 
chelicerae: they are much smaller than the others, but have the same 
shape. The basal joints of the remaining five pairs of legs are spiny 
and assist in chewing the food. The abdomen bears six pairs of appen- 
dages, none of which are leg-like. The first pair are called the operculum 
and form together a broad plate which falls over and covers the remain- 
ing five pairs; these are also plate-like and bear on their hinder surfaces 
numerous thin gills. The males are smaller than the females and differ 
from them in the structure of the second pair of appendages, the claw of 
which is a thickened structure, of use in holding on to the shell of the 
female while pairing. The paired genital openings are at the base of the 
operculum. The telson may be as long as the rest of the body. 

The dorsal surface of the cephalothorax bears two large lateral com- 
posite eyes and a pair of small median ones. The dorsal surface of the 
abdomen is flattened and bears a row of movable spines on each lateral 
edge. The internal anatomy is essentially arachnid in character.* 

The king crab lives in shallow water along the shore, where it bur- 
rows in the sand and mud and eats worms and other small animals. It 
comes to sandy beaches in the early summer to breed, and lays its eggs 
in depressions it makes in the sand. The embryo as it emerges from the 
egg has a resemblance to a trilobite and lacks the spine-like telson and 
the abdominal appendages. The animals, although of large size, have 
little economic importance. They are, however, sometimes fed to chick- 
ens and pigs. 

History.— The American Limulus was first made known in 1590 by 
Thomas Harriot in his description of the animals and plants of Virginia. 
The Asiatic species became known during the 17th century, the dried shells 
having frequently been brought to Europe as curiosities. Until quite 
recently zoologists have placed Limulus among the crustaceans. Latreille, 
however, in 1808 called attention to its peculiar structure and created for 
it the separate order Xiphosura, and Straus-Diirckheim in 1829 empha- 
sized its resemblance to arachnids. This idea, however, gained ground 
very slowly, although Huxley and von Beneden both spoke in favor of 
it, and it was not until after Lankester's demonstration in 1881 that 
Limulus was finally accepted as an arachnid, f Another question of rela- 
tionship with which Limulus has to do is whether the primitive arachnid 

• See "The Embryology of Limulus," by J. S. Kingsley, Jour. Morph., Vol. 7, p. 
35, and Vol. 8, p. 195, 1892-3. "Studies on Limulus," by W. Patten and W. A. Reden- 
baugh, Jour. Morph., Vol. 10, p. 1 and p. 91, 1900. 

t See "Limulus an Arachnid," by B. R. Lankester, Quart. Jour. Mic. Sci., Vol. 
21, 1881. 
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group from which it sprang is allied to the vertebrates and thus may be the 
ancestor of this important class, as is maintained by Patten and others.* 

The subclass contains the single genus Limulus. A few years ago, 
however, a new classification was proposed subdividing this genus into 
three, which were grouped in two subfamilies: this classification has not 
been generally adopted. 

LlinrLUS O. F. M tiller. With the characters mentioned: 5 species, 
of which 4 inhabit the eastern coast of Asia and its islands. 
•I 




-J 3 



tr 




11 



Pig. Q39— Limulus 

f)olyphemus ( S h 1 p - 
ey). A, dorsal as- 
pect; B, ventral 
aspect 1, median 
eyes : 2, lateral eves ; 
3, cephalothorax ; 4, abdomen ; 
5, telson: 6, mandibles; 7, 
mouth ; 8 legs ; 9, chilarla ; 
10, operculum ; 11, gills. 

L. Polyphemus (L.) (Fig. 639). Length up to 50 cm.; color dark 
brown: eastern coast of North America from Nova Scotia to Florida; 
common. 

Subclass 2. ARACHNIDA. 

With rare exceptions air-breathing, terrestrial animals, without 
antennae and with a body consisting of a cephalothorax and an abdomen. 

External Structure.— The cephalothorax bears six pairs of appen- 
dages, the mandibles or chelicerae, the pedipalps, and the four pairs of 
walking legs. The abdomen is without locomotory appendages. The boun- 
dary between these two body divisions is usually distinct, but in the mites it 
is obliterated. In the spiders as well as the mites segmentation has 
mostly disappeared and the body is short and compact. In contrast to 
these forms are the scorpions, in which the body is long and vermiform, 
with distinct segmentation. In the Solpugida the head is distinct from the 
thorax and bears the first three pairs of appendages. The mandibles 

• See "The Evolution of the Vertebrates and Their Kin," by W. Patten, 1913. 
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are short and end, on each side, either in a sharp, piercing claw, as in 
spiders, or in a pincer-like claw, as in scorpions. The pedipalps are usually 
sensory in function, but are prehensile organs in scorpions and many other 
arachnids, and in the male spider have a copulatory function. The four 
remaining pairs of appendages are locomotory and are usually long and 
slender. The abdomen in the embryo has often rudimentary appendages, 
the hinder three pairs of which in the spider become the spinnerets. 

The cuticula of arachnids is often covered with cuticular hairs or 
scales, which have often an important tactile function. The special 
sense organs are not well developed. Eyes are generally present, but 
they are ocelli and not the composite eyes so characteristic of other 
arthropods. 

Internal Structure (Fig. 654).— The digestive tract is often of com- 
plex structure. Long diverticula may extend from the stomach towards 
or into the legs, and a network of diverticula in the form of the so-called 
liver usually occupies a large part of the abdomen; one or more pairs of 
Malpighian or kidney tubules enter the rectum. 

The respiratory organs are wanting in some mites and other minute 
arachnids, but are usually present in the form of lungs and tracheae. The 
lung is a ventral sac, usually near the anterior end of the abdomen and 
opening to the outside through a pore called a spiracle, which contains 
numerous leaf -like plates like the leaves of a book, in which the blood 
circulates. The tracheae are air tubes reinforced on their inner surface 
by a cuticular lining usually in the form of a spiral thread to keep them 
from collapsing, which extend from spiracles throughout the body. 
Scorpions and some of the larger spiders have only lungs ; most spiders 
have both lungs and tracheae ; and mites and many other arachnids have 
only tracheae. 

Circulatory organs are wanting in many arachnids which lack a 
special respiratory apparatus, but in most of them a tubular heart with 
lateral valvular openings is present in the abdomen, from the ends of 
which arteries extend into the surrounding organs. The Tardigrada are 
hermaphroditic, but with this exception all arachnids are unisexual. The 
paired gonads lie in the ventral portion of the abdomen and open to the 
outside by paired ducts or by a single duct in the first or second abdomi- 
nal somite. The sexes may often be distinguished by their external 
characters, the male being smaller than the female and often provided 
with special copulatory organs. 

Most arachnids are oviparous, but the scorpions and a few others 
bear their young alive. The young usually resemble the parents in 
appearance, but in a few cases, as in the IAnguatulida and the mites, 
they go through a metamorphosis. The great majority of arachnids are 
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predacious or parasitic animals, but a certain number of them, including 
many mites, feed on plants. All of the Linguatulida and about half of 
the species of mites are parasitic. Most arachnids are terrestrial but 
the Tardigrada, Pygnogonida and two families of the Acarina are 
aquatic. 

History.— The name Arachnida originated with Lamarck in 1801, 
who at that time separated these animals from the Insect a aptera of Lin- 
naeus and his immediate followers. The subclass contains about 20,000 
species grouped in 11 orders. 

Key to the orders of Arachnida: 

o, Abdomen distinctly segmented. 
-*i Animals *et parasitic. 
Ox Long segmented postabdomen or segmented caudal filament (except the 
Tarantulidac) present. 

d L Postabdomen with caudal sting present 1. Soobpionida V 

d, Caudal filament (except the Tarantulidae) . 
^ Animals minute; caudal filament with segmental bristles. .2. Palpigraui 
e, Animals larger; caudal filament, when present, smooth.... 3. Pedipalpi - 
c, No postabdomen or caudal filament 
dx Head distinct from thorax, bearing first 3 pairs of 

appendages 4. Solpugipa 

d, Head not distinct. 
e x Pedipalps chelate and very long. 

5. Pseudoscorpionida v 
e, Pedipalps not chelate ; legs very long and slender. 

6. Phalakguda *-" 
o, Animals worm-like and internal parasites in 

vertebrates 9. Linguatulida 

c, Abdomen not segmented. 
6r Anima4s-«s»a41y terrestrial. 
c x Cephalothorax distinctly separated from abdomen. 

7. Arakeae \f 
c, Cephalothorax and abdomen not distinct. . . .8. Acahina 
b 2 Aninals aquatic. 

c, Animals microscopic 10. Tardigradi 

c, Animals marine and not microscopic; legs very 

long and slender 11. Pycnogonida 




Fig. 640— Dia- 
gram of the dor- 
sal aspect of Cen- 
trums (Banks). 

1, cephalothorax ; 

2, prc-abdomen ; 3, 
postabdomen ; 4, 
mandibles; 5, 
pedipalps ; 0, lat- 
eral eyes; 7, 
median eyes ; 8, 
spine; 0, sting. 



Obder 1. SOOBPIONIDA.* 



(Fig. 640.) Elongated arachnids with a short, uu- 
segmented cephalothorax and a long abdomen consisting 
of 13 segments, of which the anterior 7 form the pre- 
abdomen and are about of the same diameter as the 
cephalothorax, and the posterior 6 form the much narrower, tail-like post- 
abdomen, at the end of which is a poisonous sting; 3 to 6 pairs of eyes 
usually present; mandibles short and chelate; pedipalps very long and 

• See "Scorplones und Pedipalpi," by K. Kraepelln, Das Tierretcb, 1899. "Synop- 
sis of the North American Scorpions, Solpuglds, and Pedipalpi/' by Nathan Banks, 
Am. Nat, Vol. 34, p. 421, 1900. 
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chelate; on the ventral surface the second abdominal segment bears a pair 
of long comb-shaped appendages called the pectines, which probably aid in 
the act of pairing, following which are 4 pairs of spiracles, each of which 
opens into a lung sac ; genital opening just in front of the .pectines on 
the first abdominal segment and protected by small paired plates, which 
form the sternum; the young are born alive and are carried about for 
a while by the mother : over 300 species, about 25 occurring in our south- 
ern and western states, ranging as far north as Nebraska; they are 
nocturnal animals and feed on insects and spiders which they often 
kill with the sting. 

Key to the families of Scorpionida here described: 

a t Sternum broad, pentagonal ; usually no spine under the sting. 

bx At base of terminal segment of last pair of legs at least 1 spur on inner 

and 1 on outer side 1. Vejovidae 

b t But 1 spur present, on outer side 2. Scorfionidab 

o, Sternum long, triangular; usually a spine under the sting. . .3. Centburidab 

Family 1. VEJOVIDAE. 

Three eyes on each side; terminal joint of legs with an inner and 
outer spur at base; no spine under the sting: 8 genera and 18 species. 

1. Vejovis Koch. Median lamella of each comb divided into at 
least 8 small pieces; lower margin of the movable finger of mandible 
without spines: 6 American species. 

V. boreus (Girard). Hand strongly keeled; color yellowish or 
greenish: Nebraska and westerly to Nevada and Idaho. 

V. mexicanus Koch. Hand less distinctly keeled; color brown, not 
spotted ; legs reddish ; length 8 cm. ; number of teeth of comb 15 to 22 : 
Texas. 

V. carolinus Koch. Color reddish-brown; legs yellow; length 34 
mm. ; number of teeth of comb 13 or 14 : southern Atlantic states and into 
Kansas and Texas; California. 

2. Hadrxtkus Thorell. Large, hairy scorpions with a large, dark 
spur near the tip of the lower margin of the movable finger of the man- 
dible: 2 species. 

H. hirsutus (Wood). Color yellowish-red; length 7 cm.; number of 
teeth of comb 25 to 40; legs compressed: California and Arizona. 

Family 2. SOORPIONIDAE. 

Sternum pentagonal in shape; but 1 spur at the base of the last 
tarsal joint, which is on the outer side ; usually no spur under the sting : 
15 genera and about 88 species. 

Diplooektrus Peters. With a hump under the sting : 6 species, all 
American. 
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D. whitei (Gervais). Color yellow or brown; terminal joint of foot 
with a row of about 7 spines running up from the claw; teeth of comb 
12 to 18; length 5 cm.: Texas to California. 

Family 3. CENTBUEIDAE. 

Sternum small and triangular, the sharp end in front; a spur on the 
under side of the unmovable finger of the mandible : 4 genera and about 
50 species, many American. 

Centrxtkus Ehrenberg (Fig. 640). The oblique rows of teeth on 
the finger of the pedipalp have on each side a parallel row of minute 
teeth; under the sting may be a spine: 15 American species. 

0. carolinianus (Beauvois). Color yellowish, with small spots, often 
joined into 2 longitudinal stripes ; length 7 cm. ; teeth of comb, 19 to 25 : 
southern states. 

Order 2. PALPIGEADL* 

Minute arachnids with a segmented abdomen, from the hinder end 
of which a long segmented caudal filament 
with segmental bristles projects; mandible 
long and chelate; pedipalps and the 4 pairs 
of legs rather long and slender; no eyes; 
cephalothorax of 3, abdomen of 11 segments : 
1 genus with a few species, which have 
been found in Italy, Siam, Paraguay, and 
Texas. 

Kcenenia Grassi. With the characters 
above mentioned: 2 American species. 

K. wheelerif Riicker (Pig. 641). Length 
with filament up to 2.5 mm.; color white; 

3 pairs of eversible lung sacs on segments 

4 to 6: under stones in moist places near 
641 — Kcenenia wheeleri 

(Wheeler). Austin, Texas. 




Order 3. PEDEPALPI4 

Cephalothorax separated by a constriction from the abdomen, which 
is 11 or 12-jointed; last 3 pairs of legs used for walking; in the first 

• See "Palpigradl und Solifugae," by K. Kraepclin, Das Tierreich, 1901. 

t See "A Singular Arachnid," etc., by W. M. Wheeler, Am. Nat., Vol. 34. p. 837, 
1900. "The Texas Kcenenia," by Augusta RUcker, Am. Nat., Vol. 35, p. 615, 1901. 
"A New Kcenenia from Texas," by same, Q. J. M. S., Vol. 47, p. 401, 1903. 

t See "On the Pedlpalpl of North America," by H. C. Wood, Jour. Acad. Nat Sci. t 
Phlla., Vol. 5, p. 357, 1803. "Scorpioncs und Pedlpalpl," by K. Kraepelln, Das Tler- 
reich, 1S99. "Synopsis of North America Pedipalpi," by N. Banks, Am. Nat., Vol. 34, 
p. 421, 1900. 
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pair the terminal portion very much elongated and forming a long, 
many-jointed tactile flagellum; pedipalps thick and strong and, like the 
mandibles, either chelate or not; 2 pairs of book lungs on the third and 
fourth abdominal segments; 8 eyes usually present, 2 large ones in front 
and 3 small ones on each side; genital pores paired and on the first 
abdominal segment: predacious tropical animals, 5 species of which are 
found along the southern border of this country; 3 families and about 
GO species. 

Key to the families of Pedipalpi here described : 

<*! Long filiform tail present 1. Thelyphonidae 

a, No such tail 2. Tabantulidae 



Family 1. THELYPHONIDAE. 

Whip scorpions. Body elongate; pedipalps chelate; abdomen 12- 

jointed, the last 3 segments smaller than the others and bearing a long, 

jointed terminal filament and also often om- 

matoids, white ocellus-like spots: 10 genera and 

about 40 species. 

Mabtxqoprootto Pocock. Two ommatoids 

present: 17 species. 

M. giganteus (Lucas). Vinegar roan (Fig. 

642). Length (with tail) 13 cm.; color dark 

brown; tail with reddish hairs; animal has a 

strong odor of vinegar : Florida to Arizona, often 

common in dry sandy places; they are nocturnal 

Pig. 642— Mastigoproo- animals which are much feared, although they 
tus giganteus 

(Comstock). are not poisonous. 




Family 2. TARANTULIDAE. 

Body broad, cephalothroax being broader than 
the abdomen and joined with it by a slender waist; 
pedipalp ends with a claw; abdomen 11-jointed and 
without a terminal filament: 10 genera and about 
18 species. 

Tarantula Fabricius. Foot with a single claw; 
front margin of celphalothorax either with short 
teeth or smooth: 4 species, all American. 

T. white! (Gervais) (Fig. 643). Front margin 
of cephalothorax denticulate; inner margin of pedipalp with long 
spines; color brown with a yellow margin; length 20 mm.: Texas to 
California. 




Fig. 643 

Tarantula whitei 

(Banks). 
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Order 4. SOLPUGIDA.* (Solifugae.) 

Head region separated from the thorax and bearing very large 
chelate mandibles, the leg-like pedipalps, and the first pair of legs, as well 
as a pair of eyes; thorax consists of 3 distinct segments, each bearing a 
pair of legs; abdomen 10-jointed; respiration by tracheae, the first pair 
of spiracles being on the thorax, the other 3 pairs being on the abdomen; 
genital pore in first abdominal segment : usually nocturnal animals which 
live in sandy deserts in the wanner parts of the earth ; 3 families with 
about 165 species, a few of which are found in this country, chiefly in 
the southwest; they are much feared, although not poisonous. 

Family SOLPUGIDAE. 
Second and third pair of abdominal spiracles not covered with 
denticulate plates: 21 genera and about 145 species. 

Ebexobates Banks (Datames Simon). 
Anterior margin of head truncate; fourth 
pair of legs without a terminal claw; dorsal 
finger of mandible without teeth or spur: 
about 18 species, all in America. 

E. pallipes (Say). The movable seg- 
ment of the mandibles in the male with 1 
large and sometimes 1 very small tooth; 
the inner side of the pedipalp of male 
hairy and without bristles; length 13 mm.; 
color light yellow: southern states west 
of Mississippi, north into Kansas and 

%t^ r &i% ) !° rmi - Colorado. 

E. formidabilis (Simon) (Fig. 644). 
Movable segment of the mandible slender and with 1 large and 2 small 
teeth: California and Arizona. 

Order 5. PSEUDOSOORPIONIDA4 

Small arachnids with an 11-jointed abdomen, with chelate mandibles, 
the movable finger of which bears along its inner margin the comb- 

• See "The Solpugldae of America/* by J. D. Putnam, Proc. Davenport Acad. 
Nat 8d. ( Vol. 3, p. 1, 1882. "Synopsis of the North American Solpugida," by N. 
Banks. Am. Nat., Vol. 34, p. 426, 1900. "Palpigradi und Solifugae," by K. Kraepelin, 
Das Tlerreich, 1901. 

f See "Notes on North American Chernetidae," by N. Banks, Cand. Bntom., Voi 
23, 1893. "Notes on the Pseudoscorpionidae," by N. Banks, Jour. N. Y. En torn. Soc^ 
Vol. 3, 1895. "Habits and Distributions of the Pseudoscorpionidae, principally 
Chelanops oblongus, Say," by E. W. Berger, Ohio Nat., Vol. 6, p. 407, 1905. "A List 
of the North American Pseudoscorpionlda," by K. B. Coolidge, Psyche, Vol. 15, p. 
108, 1908. 
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shaped serrula (Fig. 645, B), and with long scorpion-like pedipalps; legs 

long, 5- jointed, and ending with 2 claws; eyes present or not; respiration 

by tracheae, 2 pairs of spiracles being present on the second and third 

abdominal segments ; genital pore in the second abdominal segment, in the 

female surrounded by cement glands, the secretion of which serves to fasten 

the eggs to the body of the mother; silk glands open to the outside near the 

tip of the movable finger of the mandible; the animals spin nests, in 

which they spend the winter or can retire during a moult ; no poison glands 

present: under the bark of trees, among moss or dead leaves, or in 

houses, on old books, or furniture, where they eat mites and small insects; 

occasionally they attach themselves for purposes of migration to insects; 

they run rapidly forwards, backwards, or sideways; 3 families with 100 

species. 

Key to the families of Pseudoscorpionida here described : 

«! Cephalothorax with a transverse suture; two eyes or none usually 

present 1. Chelifkhipab 

a% No such suture ; four eyes usually present 2. Obisiidab 

Family 1. CHELIFEBIDAE. 

Spinneret on mandible long and tubular; serrula attached along its 
whole length; 2 eyes or none present: 5 genera. 

1. Ohelxteb Geoffroy. Cephalothorax triangular, rounded in front 
and divided by transverse sutures into 3 parts; 2 eyes present; man- 
dibles small: several species. 

0. cancroides (L.). Book scorpion (Fig. 645). Length 3 mm.; color 
reddish-brown; dorsal abdominal plates divided by a median line; basal 





Fig. 645 Fig. 046 

Fig. 645— Ohelifer cancroide*. A, dorsal aspect (Leunls) ; B, mandible (Comstock). 
Fig. 646 — Chelanopt oblonpus (Berger). 

portion of pincer thick, terminal finger curved: often found in houses 
on old books, furniture, or clothing; cosmopolitan. 

0. biseriatum Banks. Body 2.2 mm. long, pale yellowish in color, 
with 2 rows of dark spots on the abdomen; pedipalps very slender; no 
large granules on cephalothorax: Florida; Ohio; Jamaica. 
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0. mnricatOB Say. Body 2.5 mm. long and reddish-brown in color; 
hand of pedipalp very much darker than the rest: eastern states, among 
dead leaves. 

2. Chelanops Nicole t (Chernes Menge). Similar to CheUfer but 
without eyes: about 19 American species. 

0. oblongns (Say) (Fig. 646). Body 3.5 mm. long, elongate and 
elliptical in shape, being widest in the middle, reddish-brown in color, 
being darker on the cephalothorax; a double row of large dark spots 
on the abdomen, from each of which a number of long bristles spring: 
widely distributed over the eastern and central states; under stones 
near low-water mark at Woods Hole. 

0. tristis Banks. Body 2 mm. long, pale reddish-yellow in color 
with soft parts and legs white; abdomen elliptical, the dark spots on 
the dorsal plates being much nearer the median than the lateral line: 
the seashore of Long Island. 

0. sanborni Hagen. Body 2 mm. long, very broad, and reddish- 
brown in color; pedi palps short and heavy with clavate hairs: eastern 
states, under bark. 

Family 2. OBISIIDAE. 

Spinneret a small knob; serrula attached only at the base; 4 eyes 
usually present: 4 genera. 

1. Obibtum Leach. Cephalothorax rectangular and not narrower in 
front; pedipalps short and stout; 4 eyes present; fingers curved: 6 
species in America. 

0. mnscornm Leach. Body 2.5 mm. long, brownish in color: in moss. 

2. Ohthohitts Koch. Cephalothorax rectangular and wider in 
front; mandibles large; fingers straight: about 5 American species. 

0. pennsylvanicus Hagen. Length 1.9 mm.; color brownish, with 
scattered silvery spots on the abdomen; legs white; pedipalps longer 
than the body; 4 eyes, not close together: eastern United States. 

Order 6. PHALANGHDA.* 

Harvestmen or daddy longlegs. Body short, ovoid in shape, with 
an unsegmented cephalothorax which is joined with the 9-jointed ab- 
domen without any constriction; mandibles chelate; pedipalps long and 
leg-like, each ending with a claw; legs usually very long and slender, the 
basal portion of the anterior pairs possessing chewing plates; the body 

• See "On the Phalangeae of the United States," by H. C. Wood, Comraun. Essex 
Inst, Vol. 6, p. 10, 1868. "A Descriptive Catalogue of the Harvest Spiders (Pfaal- 
angiidae) of Ohio," by C. M. Weed, Proc. U. S. Nat. Mus., Vol. 16, p. 543, 1893. 
"Synopsis of North American Phalanglda," by N. Banks, Am. Nat., Vol. 36, p. < 
1901. 
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of the male somewhat smaller and with longer legs than the female; 
a pair of simple eyes present, one being on each side of a tubercle rising 
irj the middle of the cephalothorax; genital opening between the last 
pair of legs in a forward prolongation of the ventral plate of the first 
abdominal segment from which also extends a long protrusible penis or 
ovipositor (Fig. 648, 2) ; a pair of stink glands on the abdomen, which 
often become active when the animal is handled ; respiration by tracheae, 
usually a single pair of spiracles being present on the first abdominal 
segment ; eggs laid in the ground or in other moist places in the summer 
or autumn and the young, which are like the adults in appearance, usu- 
ally hatch the following spring: 
about 60 species in America, 
grouped in 7 families ; animals more 
or less nocturnal, probably feeding 
principally on small insects, spiders, 
and mites, but also occasionally on 
decaying substances; they do not 
spin a web or build a nest. 

Key to the families of Phalan- 
giida here described: 

a x Last segment of pedipalp with 
a terminal claw and longer 
than the preceding one. 

1. Phalangiidae 

c 2 No such claw and the last seg- 
ment much shorter than the 
preceding one. 2. Nemastomatidae 





B 

dorsal view of 



ptaa- 



Flg. 647— A, ..... 

langid; B, ventral view of a phalaogld 
(Banks). 1, mandibles; 2, pedipalps ; 
3, legs ; 4, eye tubercle ; 8, abdomen ; tf, 
cephalothorax ; 7, genital pore ; 8, for- 
ward prolongation of abdomen; 9, 
spiracle; 10, anus. 



Family 1. PHALANGIIDAE. (Fio. 647.) 

Body ovoid with a leathery integument; pedipalp ending with a 

claw; legs long and slender, with a simple terminal 

1 claw on each: about 15 American genera. 

Key to the genera of Phalangiidae here de- 

w scribed : 

Ox Eye tubercle of enormous size 1. Caddo 

Oj Eye tubercle of normal size 2. Liobunum 

b x Eye tubercle smooth. 
J 6 a Eye tubercle spinose 3. Phalangium 

Fig. 648 — Caddo agilis 1. Oaddo Banks. Eye tubercle of enormous 

(Comstock). 1, eye; . . „ « ,. , 

2, ovipositor. size; 3 long spines on femur of pedipalp: one 

species. 

0. agilis Banks (Fig. 648). Body 3 mm. long, brown in color, with 

2 pale stripes above: among dead leaves and moss. 
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2. Lxobunux Koch. Anterior and lateral borders of cephalothorax 
not spinose ; eye tubercle rather small and smooth ; legs usually very 
long and slender: 16 American species. 

L. vittatum (Say) (Fig. 649). Body reddish- 
brown, with a distinct mid-dorsal stripe; pedipalps 
and legs brown or black; length about 9 mm.; of pedi- 
palps, 5 mm. long; length of legs, first, 42 mm., second, 
90 mm., third, 43 mm., fourth, 
61 mm.: eastern and central 
America; common in fields 
and woods. 

L. politnm Weed (Fig. 
650). Body reddish-brown; 
pedipalps light brown, legs 
black; eye tubercle rather 
prominent, with a row of small black projections over each eye; length 
about 5 mm.; pedipalps 2.8 mm. long; length of legs, first, 25 mm., 
second, 51 mm., third, 26 mm., fourth, 36 mm. : eastern and central states, 
in fields and woods; common. 

L. grande (Say). Body blackish and tuberculate, 9 to 12 mm. long; 
pedipalps 6 mm. long ; length of legs, first, 20 mm., second, 35 mm., third, 
21 mm., fourth, 28 mm.: eastern and central states. 




Fig. 649 — Liobunum vittatum (Weed). 





Fig. 650 








Fig. 661 



Fig. 650 — Liobunum poUtum (Weed). A, dorsal aspect after the removal of the 
legs; B, side view of the eye tubercle. Fig. 651 — Liobunum ventricosum (Weed). 
A, dorsal aspect after the removal of the legs ; B, side view of the eye tubercle. 

L. ventricosum (Wood) (Fig. 651). Body elongate; legs and body 
cinnamon or yellowish-brown; length 7 to 10 mm.; length of legs, pedi- 
palps, 5 mm., first, 33 mm., second, 64 mm., third, 33 mm, fourth, 48 
mm.: eastern and central states; common. 

3. PHALANonnc L. Anterior and lateral borders of cephalothorax 
spinose; eye tubercle with 2 series of spines: 2 species in America. 
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P. cinerenm Wood (Fig. 652). Body gray, sometimes brownish, 
usually with a wide lenticular mid-dorsal marking, and about 8 mm. 
long; pedipalps 4 mm. long; length of legs, first, 20 
mm., second, 52 mm., third, 29 mm., fourth, 36 mm.: 
northern America, on walls, etc., rarely in the open 
field. 

Family 2. NEMASTOMATTDAE. 

Pedipalps long and prominent, with last joint 
much shorter than the preceding one and without a 
claw: 3 genera. 

Phleoxaoeka Packard. Mandibles directed 
downwards and not forwards; fourth joint of pedi- 
palp much thickened; body somewhat compressed and 
not spiny: 3 species. 

P. cavicolens Pack. Body 4 mm. long and 2 mm. 
wide; eyes large and prominent; eye tubercle very 

low; a series of large 

transverse dark spots 

on back ; movable 

finger of mandible 

with about 24 setae: in caves and similar 

places; eastern and central states. 

Order 7. ABANEAE.* (Araneida.) 



B 




Fig. 652— Phalan- 
gium oinereum 
(Weed). A, dorsal 
aspect after the re- 
moval of the legs; 
B, eye tubercle. 



Spiders (Fig. 653). Cephalothorax 
and abdomen mostly 
unsegmented and uni- 
ted by a slender waist. 
The body is often cov- 
ered with hairs or 
scales, and gray or 
dark in color when the 
animal lives on or near 
the ground, but is 
often brightly colored 
when it lives on flowers, shrubs, or trees. Of the six pairs of appen- 
dages the mandibles or chelicerae are the most anterior; they are two- 

* See "Catalogue of the Described Araneae of Temperate North America," by Dr. 
George Marx, Proc. U. S. Nat. Mus. f Vol. 12, 18S9. "American Spiders," etc., by 
Henry C. McCook, 1880-1893. "Hlstolre Nature lie des Aratgnees," by E. Simon, Paris, 
1897-1904, 2nd Ed. "The Common Spiders of the United States," by James H. 



Fig. 653 — A, diagram of the ventral aspect 
spider; H, front of head (Kmerton) ; C, palpal organ of 
male (Warburton). 1, pedipalp ; 2, mandible; 3, max- 
illa; 4, labium; 5, lees; 6, sternum; 7, epigynura ; 8, 
lung spiracle; 9, tracneal spiracle; 10, spinnerets; 11, 
eyes. 
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jointed, the terminal joint being a sharp claw, near the end of which is the 
opening of a poison gland. The mandibles are usually directed downwards 
so that the spider must strike when its prey is beneath it. The second 
pair of appendages are the pedi palps or palpi, which are leg-like in form 
and composed of six segments; the large and flattened basal segments 
of these are called the maxillae or endites and extend forwards, forming 
the principal jaws of the animals, being used to chew or squeeze the 
food. 

In the male the end of the pedipalp is enlarged and bears the 
more or less complicated palpal organ by which sperm is conveyed to 
the female in the act of pairing (Fig. 653, C). The four pairs of long 
walking legs are seven-jointed. The tarsus or terminal joint of each leg 
bears a pair of claws, the inner edge of each of which is toothed ; in many 
spiders a third smaller claw is also present and in others a thick brush of 
hairs. Between the maxillae is a plate called the labium or lip, and 
between the base of the legs is the sternum. The abdomen bears at 
its hinder end, just in front of the anus, usually 3 pairs of spinnerets, 
which are modified legs (Fig. 655). At the end of each spinneret are 
minute tubes which are the ends of the ducts of the silk glands; the 
fluid silk coming out of these tubes unites to form a single strand, and 
hardens on exposure to the air. In a few families a plate called the 
cribellum lies in front of the spinnerets from which spinning tubes also 
project; such spiders have a row or comb of stiff hairs on each of the 
hind legs called the calamistrum (Fig. 655) by means of which a band of 
silk may be spun. All the spinning tubes do not exude the same kind 
of silk, but a variety of kinds is produced which are used for various 
purposes, as for making the different parts of the web, nests, cocoons, etc 
Spiders are not well provided with special sense organs. The long 
legs and the hairs usually covering the body are tactile organs, and in 
most spiders eight simple eyes arc present on the front portion of the 
cephalothorax usually in two rows, enabling the spider to see a short 
distance (Fig. 653, B). 

The respiratory organs of spiders consist of two pairs of lungs in 
the Tetrapneumones, which are situated in the forward part of the abdo- 
men and open to the outside by slit-like spiracles on the ventral surface; 
in the Dipneumones one pair of lungs is present and a pair of tracheae, 
the latter opening in most cases through a single spiracle in front of 
the spinnerets. Each of the lung spiracles is covered with an integu- 

Emerton, 1002. "Families and Genera of the Aranelda," by Nathan Banks, Am. Nat, 
Vol. 34, p. 293, 1905. ''Fauna of New England. A List of the Araneida," by Elisa- 
beth B. Bryant, Bost Soc. Nat. Hist, Occ. Papers, No. 7, 1908. "Catalogue of Neartlc 
Spiders/' by N. Banks, Bull. No. 22, U. 8. Nat Mus., 1910. "Tbe Spider Book," by 
J. H. Comstock, 1912. 
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mental fold, and between them is the genital pore which, in the 
female, is covered by a plate, often complex in structure, called the 
epigynum. 

The arrangement of the internal organs of spiders will be seen in 
the accompanying diagram (Fig. 654). 

Spiders prey principally upon insects, but will usually kill and 
devour any animal smaller than themselves, including their own kind. 
The female not infrequently eats the smaller male when he approaches 
her at pairing time. Spiders may be divided, as to their method of 
taking their prey, into 2 groups: (1), the hunting spiders, which run 
on the ground or on plants and spring upon their prey, usually from a 
concealed retreat, and (2), cobweb spiders, which make webs to catch 
flying insects. The hunting spiders often make nests of silk; the cob- 
web spiders usually live in their webs or in nests near them. 

The webs are of 4 kinds: (1), the very irregularly woven web of 
the house spider Theridion tepidariorum and other Theridiidae (Fig. 664) ; 
(2), the more or less 
irregular web of the 
Linyphiidae and some 
other spiders, the most 
important part of which 
consists of a large, flat 

or curved sheet held «r * *- M ^•"^«gfe£-* , 'N*r»«® 

down by threads in all / &* * J -"* *' f^ 11 ib (^^ 

directions (Fig. 665) ; w- 654-W©raiB anatomy of a spider ^topiey). /^ 




/o\ j.l v i v * ***.' eje>:.2f poison gland; 3, m«*h ; 4 J brain ; 5, '* 

(3), the funnel wftha n£ i *' — "^ — ot thc stomach ; e.jflr: 7, genital pore; ^ 
,i j i j ^MP*'S, silk glands; 9, anus; 10, ^pinnwets ; 11, ovary; i^H> 
the Agelentd0&^onBm- 12, kidney tubule; 13, .intestine ; 14, heart: A liver ^ 

« a x i_ / j ducts, thc liver, Jiaymg^bcen removed ; ltiAacking 
mg of a flat sheet and gtoma*£| 0-*~ t^ ^_ ** 

a funnel leading to a,, -r^** 7 \ s ^^^> 

retreat; (4) the round webs of the Epeiriday jp&pmed of tt*eads\^ 
radiating from a common center, with, cross threads* (jfifr GWW 

Spiders lay spherical eggs which the female* *wmu% witn silk into 
a spherical or oblong mass called the cocoon; this the spider often 
carries about for awhile in the mandibles or attached to the spinnerets, 
and fastens in the web or to grass or other objects, or hides in her nest. 
Some spiders construct burrows in the ground in which they deposit 
their cocoons. Spiders live usually less than a year. Great numbers, the 
adults of which die in the autumn on the approach of cold weather, pass 
the winter in the form of eggs, while others lie torpid among leaves on the 
ground and in other protected places. Spiders are born with the form 
of the parent, but often differ from them at first very much in appear- 
ance; they are also sexually dimorphic, the males being smaller than 
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the females, possessing the palpal organ, and often being differently 
marked. 

Over 10,000 species are known, of which 1,300 belong in this country. 
The order contains 2 suborders and about 26 families. 

Key to the suborders of Araneae : 

Ox Two pairs of lungs; usually 2 pairs of spinnerets; claw of mandible 

vertical in position 1. Tetkapneuhohes 

a, One pair of lungs ; 3 pairs of spinnerets ; claw of mandible horizontal in 

position, working from the side, medially 2. Dipneumorks 

Suborder 1. TETRAPNEUMONES. 

Often large spiders with 2 pairs of lungs and 2 or 3 pairs of spin- 
nerets; mandibles usually project more or less forwards, the claw of 
which projects downwards instead of transversely; with 8 eyes set 
closely together: tropical or subtropical spiders including the bird 
spiders and trap-door spiders; 3 families. 

Family AVICULABIIDAE. 

Pedipalp arises near or at the tip of the maxilla, which is not dis- 
tinct; the 4 lung spiracles covered by broad and often glistening folds: 
40 American species. 

Pachylomerus* Ausserer. Trap-door spiders. Cephalothorax al- 
most as broad as long; abdomen ovoid; spinnerets 4; eyes close together, 
on low prominences, the lateral eyes being the largest; the extremities of 
the 2 hinder pairs of legs much thickened: 8 American species, in the 
southern states. 

P. andonini (Lucas). Length 20 mm.; the anterior lateral eyes 
the largest ; third joint of the third pair of legs very short and crooked ; 
color glossy brown: North Carolina; the animal lives in a cylindrical 
burrow in the ground lined with silk, the opening of which can be closed 
by a circular door which works with a hinge. 

Suborder 2. DIPNEUMONES 

Spiders with 1 pair of lungs; tracheae also present which open to 
the outside usually by a single spiracle; 3 pairs of spinnerets; mandibles 
directed downwards, the claws projecting from the side towards the 
median line: over 30 families. 

• See "A New Trap-Door Spider/* by Q. F. Atkinson, Am. Nat., Vol. 20, p. 683, 
1886. 
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Key to the families of Dipneumones here described: 
«! With cribellum and calamistmm (Fig. 655). 

& t Eyes all dark-colored (diurnal) ; web usually regular 1. Ulobobidae 

6, Anterior median eyes dark, the other light-colored (nocturnal) ; web 
irregular. 

Ox Lateral eyes near together 2. Dicttnidae 

c, All the eyes close together on an eminence 3. Filistatidae 

a, Without cribellum and calamistrum. # 

b x Two terminal claws on the feet. 

Cx Six eyes ; 4 spiracles ; ground spiders 4. Dtsdebidas 

Ci Eight eyes present 
dx Eyes usually in 2 rows. 
ex First 2 pairs of legs not noticeably longer than the others. 

fx Fore spinnerets widely separated ; ground spiders 5. Drassidae 

f t Fore spinnerets contiguous ; ground spiders 11. Clubionidae 

e, First 2 pairs of legs much longer than the others ; crab spiders. 

10. THOMI8IDAE 

d % Eyes in 3 rows, the middle row being much smaller than the others. 
6, Three terminal claws on the last 3 pairs of feet. 15 - Attidae 

Cx Legs very long, being over 4 times the length of the body 6. Pholcidae 

Cj Legs not so long. 
dx Eyes in 2 rows. 
ex Hinder part of spinnerets not very long. 

fx A comb of serrate bristles on the hind foot ; abdomen often globose. 
U No such comb. 7 - Theridiidae 

ffx Basal segment of mandible with row of teeth on its outer surface ; 

small spiders with irregular webs 8. Lintfhiidae 

g % No such mandibular teeth; usually large spiders with regular 

radial webs 9. Epeiridae 

g % A semicircular notch at base of leg on penultimate segment. 

13. PlSAURIDAE a I 

6a Hinder pair of spinnerets * 

very long and 2 jointed. 

12. AOELENIDAE 

d t Eyes in 3 rows. ..14. Ltcosidae __ 

Family 1. ULOBOBIDAE. tt *b m \ s&r?**j; ' ^^ 

A cribellum and usually a cala- v ' *v?Ar^ijliXjfeiftS^»i 

mistrum (Fig. 655) present; lateral 3' 

eyes farther apart than the 2 pairs i/'^^WRSl 

of median eyes; web usually round f / g 

and regular, with radiating spokes Fig. 656 — A. part of fourth leg of 

♦ • j i -t j j Amaurobiut; B, ventral view of hinder 

joined Dy cross threads and com- e nd of same. i, calamistrum ; 2, cribel- 

~~„~j :« ~««* ~p i~™» l^j^ „p „:iu. l um I 8 . anterior spinnerets; 4, middle 

posed m part OI loose bands OI SllK : spinnerets ; 5, posterior spinnerets ; 6, 

3 genera, and 6 American species. anus - < Cambrld * e Natural Htet0 ^) 
1. Ulobohtjs Latreille. Cephalothorax ovate, rounded behind; eyes 

all of about the same size : 4 American species. 

TJ. plumipes Lucas. Length of female 7 mm. ; cephalothorax low ; first 

pair of legs in the female twice as long as the second, with a bunch of long 

hairs at the end of the middle segment ; color brown, with a median stripe 
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on the cephalothorax ; male without the calamistrum : common in shady 
woods and bushes, especially in the lower dead branches of pines. 

2. Htftiotes Walckenaer. Cephalothorax nearly circular, trun- 
cate behind; eyes of the posterior row very much 
larger than those of the anterior: 1 American species. 
H. cavatus (Hentz) (Fig. 656). Length of 
female 5 mm. ; abdomen ovoid, with 4 pairs of slight 
elevations covered with stiff hairs; color brown; web 
triangular in shape, with but 4 rays which radiate 
from a common strand held taut by the spider, and 
with cross strands : common, especially in pine woods. 




Pig. 656— Web of 

Hyptiotes cavatua 

(Bmerton). 



Family 2. DICTYNIDAE. 

With cribellum and calamistrum in female but 

not in male; lateral eyes near together on each side; 

web irregular, usually a dense network of threads with a hole into which 

the spider retreats, found in open places: about 35 American species. 

1. DlCTYHA Sundevall. Small spiders with sternum extending be- 
tween the hind legs; legs without spines; all the eyes of about same 
size ; head high arched, about half as wide as the thorax 

and distinctly marked off from it: numerous species, 
about 19 in America. 

D. sublata (Hentz) (D. muraria Emerton). Body 
gray in color, with dark median marking on the abdo- 
men, and about 3 mm. long; cribellum large: web on 
walls, fences, weeds, etc., often conspicuous because 
of the dust it collects; common. 

D. foliacea (Hentz) (D. volupis Keyserling). 
Body about 3 mm. long; cephalothorax brown; abdo- 
men yellow in the middle, and brown or red at the 
sides ; legs pale ; abdomen about as wide as the cephalo- 
thorax: web in bushes; common. 

2. Akaubobxto Koch. Sternum not extending between the hind 
legs; cribellum divided into 2 parts; head large and distinctly marked 
off from the thorax; legs with spines: about 7 American species. 

A. benneti (Blackwall) (A. sylvestris Emerton) (Fig. 657). Body 
10 mm. long; cephalothorax dark brown; abdomen gray with median 
yellowish markings; the epigynum has 2 lateral lobes which meet behind: 
web under stones and sticks; common. 

A. ferox (Walckenaer). Like above, but the lateral lobes of the 
epigynum do not meet behind: in houses, especially cellars; an European 
species introduced into this country. 




Fig. 667— Amau- 
robius benneti 
(Bmerton). A, dor- 
sal aspect ; B, male 
pedlpalp without 
terminal segment. 
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Family 3. FILISTATIDAE. 

With cribellum and calamistrum ; all the eyes close together and 
upon an eminence; mandibles small; web like that of Dictyna: 1 
American species. 

Fzlzstata Latreille. With the characters of the family: 2 species. 

F. hibernalis Hentz. Body 12 mm. long with legs about twice as 
long, and uniformly dark gray in color: one of the commonest house 
spiders of the southern states. 

Family 4. DYSDEBIDAE.* 

With only 6 eyes; with a pair of tracheal spiracles immediately 
behind the lung spiracles: the animals build tube-like nests on the ground 
under stones and other objects; 3 American genera and species. 

Dybdesa Latreille. Eyes in a ring, close together; mandibles long 
and inclined forward: 1 species. 

D. interrita Hentz (Fig. 658). Length 12 mm.; the 
abdomen but little larger than the cephalothorax; color 
orange brown, lighter behind : New England. 

Family 5. DRASSIDAE/ 

Elongated spiders with 2 claws and a bunch of flat- 
tened hairs on each leg; eyes all of the same size, usually 
in 2 rows; spinnerets widely separated: ground spiders Dyidera 

which build tube or sac-like nests ; about 60 American species. (Bmerton). 

1. Drasbus Walckenaer. Eyes in 2 slightly curved 

rows, which diverge mid-dorsally, the posterior row longer than the 
{anterior; mandibles small; maxillae straight: 9 American species. 

D. neglectus Keyserling (D. saccatm Emerton). Length 20 mm.; 
color light gray, without markings; abdomen but little longer than the 
cephalothorax: the animal lives under stones and makes a large trans- 
parent bag of silk in which the cocoon is deposited; common. 

2. Gnaphosa Latreille. Eyes in 2 nearly straight rows, the upper 
row longer than the lower; those of the middle pair of the upper row 
being much nearer each other than the lateral eyes : 10 American species. 

G. gigantea Keyserling (G. conspersa Thorell). Length 12 mm.; 
color rusty black; cephalothorax and abdomen of about the same size; 
mandibles large, with a wide serrate tooth under the claw: under stones 
and leaves. 

3. Sebgioltjs Simon. Maxillae arched around the labium; the 2 
rows of eyes nearly straight; no dorsal groove: 3 American species. 

* 8ee "New England Spiders of the Families Drassidae, Agelenidae, and Dysderl- 
dae," by J. H. Bmerton, Trans. Conn. Acad., Vol. 8, p. 1, 1890. 
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S. variegatua (Hentz) (Fig. 659). Length 6 mm.; cephalothonte 
bright orange in color and smaller than the abdomen, which is black 
with 3 white stripes: on the ground. 

Family 6. PHOLCIDAE. 

Eyes either 6 or 8 in number; legs very long, with 
3 claws on each of the 3 hinder pairs: 6 American 
genera. 

Pholots Walckenaer. Three large eyes in a group 
on each side of the head and 2 smaller 
eyes in the middle; abdomen elongate; 
cephalothorax flat: 2 American species. 
«€&??£ P * P^udangioides (Fuesslin) (Fig. 

(Bmerton*. 660 )" Bod y 6 mm ' long ' ^g 68 * ^S 8 5 
cm. long; color pale brown or gray: ft 

common house spider both in America and in Europe, 

living in cellars, and making a large, flat, irregular web. 

Family 7. THERIDIIDAE.* 

Usually small, light-colored spiders with a large 

round abdomen ; eyes of about the same size, in 2 rows, Ff*. 660 

with the end eyes near together and the middle eyes phaiangioUtes — 

. carrying Its 

farther apart; outer margin of mandibles parallel (ex- (r esg S^k\ 

cept on Steatoda) ; 3 claws on each leg : web often large, 
more or less irregular in form and loose in texture, and built in the cor- 
ners of rooms, on fences and rocks, and between the branches of low 
trees and bushes, the spider usually staying in the web; about 300 
American species. 

Key to the genera of ThericUidae here described : 

a x Abdomen smooth and shiny, the hairs being very short 1. Steatoda 

a, Abdomen hairy. 
&! The paired claws of the legs with a regular series of teeth almost to their 

tip 2. Lathrodectus 

6 2 These claws with spreading teeth at their base. 

c t Abdomen with a high, pointed hump 3. Abgybodes 

c 2 Abdomen not with a hump. 

<f t Labium and sternum united 4. Spinthabus 

dj Labium not united with the sternum. 

e^ Anterior row of eyes curved 5. Theridula 

e, Anterior row of eyes straight 6. Theridion 

1. Steatoda Sundevall. Abdomen oval, smooth, and shiny; side 
eyes contiguous; those of the anterior row much larger than the middle 

• See "New England Spiders of the Family Therldildae," by J. H. Bmerton, 
Trans. Conn. Acad,, VoL 6, p. 1, 1882. 
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Fie. 661 

Steatoda borealia 

(Com stock). 



pair; the 2 mandibles straight and parallel to each other: the web con- 
sists of a flat net held in place by numerous threads; 4 American species. 
S. borealis (Hentz) (Fig. 661). Body about 6 mm. long and reddish- 
brown in color, the abdomen usually with a light 
stripe running around the front half and one in the 
middle: among stones or in fence corners; common. 
2. Lathrodectus Walckenaer. Abdomen round 
and hairy; side eyes widely separated: 2 American 
species. 

L. mactans (Fabricius) (Fig. 662). Body 12 
mm. long and black, with a bright-red, hourglass- 
shaped spot underneath, and one or more red spots 
over the spinnerets and sometimes along the middle 
of the back; abdomen of male ovoid, with a row 
of red and white spots in the middle line and 4 

pairs of red and white stripes on the sides: 
common; web large, with a funnel-shaped retreat 
in the middle. 

3. Aboybodes Simon. Abdomen with a 
high pointed hump: about 13 American species. 

A. trigonum (Hentz) (Fig. 663). Body yel- 
low, triangular in shape, 3 mm. long and 3 mm. 
high in the female; male with 2 horns in front 
of eyes: common; web between branches or 
leaves, or among the supporting strands of the 
webs of larger spiders. 

4. Spinthartjs Hentz. Labium and sternum 
united; abdomen tapering to a blunt point over 
the spinnerets; side eyes close together: 1 
American species. 

S. flavidus Hentz. Body 4 mm. long; 
cephalothorax circular; upper surface of abdo- 
men flat with a white stripe on each side and 
red and black in the middle: found on low 
plants; web unknown. 

5. Thebidula Emerton. Anterior row of 
eyes curved; first legs much longer than the 
fourth: 2 American species. 

T. sphsrula (Hentz). Body 2.5 mm. long; cephalothorax yellow or 
orange with a median black stripe; abdomen round and wider than long, 
and yellowish-gray in color with a greenish- white spot in the middle 
and a black spot at either side : common in bushes. 




Fig. 662 — Lathrodectus 
mactans (Comstock). 




Fig. 663 — Argyrode* tri- 
gonum (Emerton). 
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6. Thebidion Walckenaer. Anterior row of eyes straight or nearly 
so; the 2 middle pairs of eyes of the same size, and equidistant from 
one another: about 40 American species. 

T. tepidariorum Koch (Fig. 664). Body 6 mm. long, varying in color 
from whitish to black ; cephalothorax usually 
light brown, the dark individuals with 6 
transverse black marks on the abdomen: a 
cosmopolitan species and one of the common- 
est house spiders, being chiefly responsible 
for the webs in the corners; it breeds sev- 
eral times a year and the young and old 
are found at all seasons. 

T. frondeum Hentz. Body 3 mm. long, 
and white or bright yellow in color, with 
very variable black markings on the back, 
which may consist of 2 rows of spots or a 
median band: in bushes; common. 

T. different Emerton. Body about 3 

mm. long; abdomen round, reddish-brown, 

with a red median stripe having white 

edges, which is bright in the female and 

obscure in the male ; sternum orange : web on 

low plants, 5 or 6 inches in diameter. 

T. murarium Em. Body about 4 mm. long; abdomen round, gray in 

color, with a reddish median stripe, white on the edges; sternum pale, 

with a black edge and a black median stripe: on low bushes. 

Family 8. LINYPHIIDAE. 
Small spiders with an elongate but high abdomen; mandibles with 
teeth around the terminal claw ; epigynum and male appendages large and 
complex : web consists of a flat or curved sheet of silk supported above and 
below by great numbers of threads and found either in open woods or near 
the ground in grass and dead leaves, or in caves or cellars. The smaller 
species have the curious habit of flying in the late autumn. They come to 
the tops of fences and other elevated objects and cause their silk to be 
drawn out and floated aloft by the currents of air, until they are themselves 
lifted up and often blown long distances; about 95 American species. 

Key to the genera of IAnyphiidae here described : 
Oj Female with a terminal claw on the pedipalp. 

&x Hinder pair of median eyes not close together 1. Linyphia 

6, Hinder pair of median eyes close together 2. Lephthyphantbs 

a, No such terminal claw. 

&! No hard plate on the abdomen 3. Erigonb 

6, Abdomen covered by a hard plate 4. Ceratinella 



Fig. 664 — Theridion tepida- 
riorum (Emerton). A, the 
spider; B, its web. 
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Fig. 065 — Web of LinypJUa margi- 
nata (Emerton). 



1. LlHTPHlA Latreille. Legs with long spines along their sides; 
maxillae longer than wide; hinder pair of median eyes not near to- 
gether; terminal segment of male pedipalp very large and complex: 
about 22 American species. 

L. marginata Koch (Fig. 665). 
Body 4 mm. long; cephalothorax long 
and high in front; legs long and slen- 
der; color light yellow with median 
brown markings: web a dome 4 or 5 
inches in diameter hung between plants 
or rocks, in the middle of which the 
spider lives; one of the commonest 
spiders in shady woods. 

L. phrygiana Koch. Body 5 mm. 
long; color light yellow with a median 
black stripe which is serrated on both 
mar grins on the abdomen: web a large 
sheet, common in woods and near 
houses. 

2. Lephthyphjlntes Menge. Maxillae longer than wide; legs with 
long spines along their sides; hinder pair of median eyes near together; 
sternum heart-shaped; penultimate joint of the legs with' a single spine: 
4 American species. 

L. nebulosus (Sundevall) (Fig. 666). Length 4 
mm.; color variable, usually light brownish-yellow with 
gray markings: common in cellars and damp places about 
houses, the web being flat. 

8. Erxgohe* Savigny and Audouin. Pedipalp 
in the female without a claw; body rather narrow: 
very small spiders which live near the ground in grass, 
dead leaves, etc., in small webs; about 30 American 
species. 

E. longipalpis (Sundevall). Body 2 mm. long, dark 

brown in color; cephalothorax smooth and shiny and 

sometimes bright orange in color; small pointed teeth 

along the sides of the thorax. 

E. autnmnalifl Emerton. Body 1.2 mm. long, of a light color with 

a bright yellow head. 

4. Cekatihella Emerton. Abdomen covered by a hard plate; 
pedipalp of female without a claw: 21 American species. 




Lephthyphan- 

tes nebulosus 

(Comstock). 



• See "A Catalogue of the Krigonae of North America," etc., by C. B. Crosby, 
Proc. Acad. Nat. Scl., Phlla., 1005. 



Digitized by 



Google 



424 



ABACHNIDA 



0. flasiceps (Cambridge). Body 1.5 mm.; abdomen round, and 
orange in color; head black around the eyes; the head of the male 
extends forwards, forming two humps: very common on small bushes. 

Family 9. EPEIRIDAE.* 

Round-web spiders. Usually large spiders with long legs and an 
abdomen which is rounded or ovoid and often provided with humps; often 
brightly colored; cephalothorax short, low in front with the eyes near 

the front edge and in 3 transverse 
groups, the 2 lateral pairs being close 
together and separated from the mid- 
dle eyes; 3 terminal claws on each 
foot, usually with accessory spines 
also. The web is round and regular, 
with radiating spokes joined by cross 
threads (Fig. 667). The latter form 
2 spirals, an inner spiral that begins 
in the center and winds outwards, 
covering usually less than a quarter 
of the finished web, and an outer 
spiral that begins at the edge and 
winds inwards, covering a large part 
of the web. The outer spiral is 
formed of a sticky thread which holds 
the insects flying against it. The 
spider usually tears down its web and builds a fresh one every night: 
this may be for the purpose of renewing the sticky thread, which gradu- 
ally hardens. About 120 American species are known. 
Key to the genera of Epeiridae here described: 

Ox Abdomen not elongate, usually round or ovoid. 
b t Hinder row of eyes strongly curved ; large brightly colored spiders. 1. Abgiope 
6, Hinder row of eyes not curved or only slightly so. 
Ox Thorax without a deep longitudinal furrow. 

dx Head and thorax separated by a deep transverse cervical groove. 2. Cyclosa 
d, No distinct cervical groove ; thorax usually with a V-shaped furrow. 
e, Abdomen without spines. 

f x Web entire 3. Epeira 

/, Web lacking a large segment 4. Zilla 

6a Abdomen with prominent spines 5. Acrosoxa 

c % Thorax with a deep longitudinal furrow 6. Mangora 

o, Body elongate and light-colored. 

ftj Groove between the spiracles curved markedly 7. Tetragnatha 

b % This groove nearly straight 8. Leucaugb 

• See "New England Spiders of tbe Family Epeiridae/* by J. H. Emerton, Trans. 
Conn. Acad., Vol. 6, p. 295, 1884. "American Spiders," etc., by H. McCook, Vol. 8, p. 
132, 1803. 




Fig. 667 — An orb web (Emerton). 
1. inner spiral; 2, outer spiral; 3, 
strand going to tbe nest 



Digitized by 



Google 



ARANEAE 



425 



1. Aboiope Savigny and Audouin. Cephalothorax flat; head very 
small; eyes all alike, the second row strongly curved, first row straight 
or curved : about 5 American species. 

A. aurantia Lucas (A. riparia Emerton) (Fig. 668). Body large 
and conspicuous, being often 25 mm. long, with long legs; abdomen 
black and 2 bright yellow or orange bands underneath; cephalothorax 
gray above and yellow underneath : the web is sometimes 2 feet in diam- 
eter and has a zigzag band of silk across the middle; the male has a 
small, irregular web nearby; in grass and bushes; in open fields, especially 
near water. 

A. trifasclata (Forskal) (A. transversa Em.). Like the above, but 
a little smaller; abdomen white or light yellow, crossed by black lines: 
web often in marshes. 

2. Oyoloba Menge. Head and thorax 
of the female separated by a deep trans- 
verse groove: 5 American species. 

C. conic* (Pallas). Abdomen with a 
blunt conical lump at its hinder end; 
length 6 mm.; color gray: the web has a 
band of silk across it in which the spider 
fastens sticks and rubbish, and is pro- 
tected by its resemblance to them. 

8. Epsiba Walckenaer (Araneus 
Simon). Thorax without a transverse 
furrow; the 2 rows of eyes straight or 
nearly so, 4 eyes being median in posi- 
tion and a pair at some distance from 
them on each side: about 57 American 
species. 

£. foliata Koch (E. strix Hentz). 
Length 8 mm.; color brown, with a broad 
scalloped stripe on the back of the abdomen; cephalothorax with 3 lon- 
gitudinal stripes: common all over the country around houses and on 
bushes and fences. 

£. angulata (Clerck). Length 12 mm.; color dark brown, with a 
yellow stripe on the sternum and yellow spots on the under side of the 
abdomen; anterior end of abdomen with a pair of humps and a yellow 
spot: common among trees. 

E. cavatica Keyserling (E. cinerea Emerton). Length 18 mm.; color 
dirty white with grayish markings; long white hairs scattered over the 
body; abdomen with 2 small humps in front: common about houses and 
barns in New England. 
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Pig. 668 — Arffiope aurantia 
(Emertou). 
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E. globosa Keys. Length 6 mm.; abdomen round and large, and 
yellowish in color, with 4 large, square, whitish or pinkish spots on the 
anterior and 3 or 4 pairs of black spots on the posterior portion: web 
large, with one segment left open or partly open and with a thread 
running from its center to the large nest; common. 

£. prompta Hentz. Body 6 mm. long and gray in color, with vari- 
able black and yellow markings on the back: common in low bushes. 

£. gigas Leach (E. insularis Hentz) (Fig. 669). 
Length 16 mm.; abdomen large and ovoid, and 
bright yellow or orange in color with brown or 
purple markings; cephalothorax dull yellow: in 
bushes and low trees; the spider makes a nest 
of leaves in which it stays, holding a thread which 
runs to the center of the web; in all parts of the 
country. 

E. domiciliorum Hentz. Length 8 mm.; color 

Fig. 669 — Epeira gigas light yellow with brown markings, sometimes with 

red spots on the abdomen; cephalothorax with 3 

faint stripes; sternum bright yellow in the middle: in bushes and on 

fences. 

E. trifolium Hentz. Length 20 mm.; abdomen large and round, 
light or dark brown in color, with white spots; legs with conspicuous 
black or reddish rings; cephalothorax white, with 3 black stripes: in 
bushes and tall weeds; the spider has a nest of leaves joined with the 
center of the web by a thread like E. gigas. 

4. Zilla Koch. The 2 middle pairs of eyes near the 2 lateral pairs; 
the hinder row of eyes somewhat longer than the 
forward row; abdomen elliptical: about 4 American 
species. 

Z. atrica (Koch). Length 7 mm., with a large, 
somewhat flattened abdomen; color gray, with a broad 
scalloped stripe on the abdomen: a segment of the web 
is without cross threads, opposite which a thread runs Acronoma 

from the center of the web to the nest; about houses. (Com stock). 

5. Acbosoma Perty (Micrathena Sundevall). Small 

brightly colored spiders with a flattened abdomen which is extended 
backwards and furnished with several pairs of pointed projections: the 
web often has a hole in the center; 4 American species. 

A. spinea Hentz (Fig. 670). Length 5 mm.; abdomen narrow in 
front and with 2 long spreading points behind ; 2 pairs of smaller spines 
also present; color white or yellow with black spots; spines red and 
black. 
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6. Makgoea Hentz. Thorax elevated behind and with a deep 
median furrow; second row of eyes straight or carved backwards: 3 
American species. 

M. gibberosa (Hentz). Body 5 mm. long and light yellow or gray 
in color, the abdomen with 2 parallel black lines 
on the hinder half, and a number of small black 
spots: web with about 60 radial spokes and the 
cross spirals very close together. 

7. Tethagnatha Latreille. Slender, light- 
colored spiders living in their webs in the long 
grass in meadows and near water; mandibles 
large, extending forward and divergent: about 
4 American species. 

T. extensa (L.). Length 6 mm., with abdo- 
men twice as long as the cephalothorax ; color 
yellowish-brown or gray. 

8. Letjcatjge White. Elongated spiders with 
the lateral eyes near together and nearly equal in 
size; 3 claws on the feet: 2 American species. 

L. hortorum (Hentz) (Fig. 671). Body 6 mm. long; cephalothorax 
and legs bright green; abdomen silvery white above, with a dark line 
through the middle with red and yellow spots: web large, with a zigzag 
band of silk across the center. 




Fig. 071 — Leuoauge 
hortorum (Emerton). A, 
ventral view of female; 
B, dorsal view. 



Family 10. THOMISIDAE.* 

The crab spiders. Short, flat spiders, usually widened behind, with 
a sidewise gait and a crab-like appearance; the first and second pairs of 
legs much longer than the others and extended at right angles to the 
body; 2 claws on each foot; eyes in two curved rows: about 114 Ameri- 
can species, which are found on walls, flowers, and similar places; they 
do not make a web. 

Key to the genera of Thomisidae here described: 

Ox Body and legs crab-like. 
6, Lateral eyes on tubercles. 
c x Two eye tubercles on each side. 

o\ Hinder eye tubercle the larger 1. Tmabus 

d, Front eye tubercle the larger 3. Xysticus 

c, A single eye tubercle on each side 2. Misumena 

b 9 No eye tubercle present. 

Cx Labium much longer than wide 4. Philodromus 

c, Labium not longer than wide 5. Ebo 

a* Body long and slender, not crab-like 6. Tibellub 

• See "New England Spiders of the Family Thomisidae," by J. H. Emerton, 
Trans. Conn. Acad., Vol. 8, p. 359, 1892. 
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Fig. 672 

Tmarus caudatua 

(Emerton). 



1. Tmaktjb Simon. Front of head truncate; hinder row of eyes 

much longer than the forward; lateral eye on each side being raised on 

tubercles, the hinder tubercle on each side being much larger than the 

forward one; abdomen high and pointed behind: 5 American species. 

T. caudatus (Hentz) (Fig. 672). Length 6 mm.; color mottled 

gray; abdomen highest at hinder end, which forms 

a conical knob: on trees and fences; common. 

2. MI8THCENA Latreille. Large, brightly colored 

or white spiders living in flowers, the colors of 

which they often mimic; the 2 lateral eyes on each 

side on a single tubercle : about 20 American species. 

M. vatia Thorell. Length 12 mm.; color white 

or yellow, sometimes with a crimson spot on each 

side of the abdomen and another between the eyes; 

sides of thorax yellowish : common. 

M. asperata (Hentz). Length 6 mm.; color pale yellow or white, 

with dull red markings on the abdomen and a brown stripe on each side 

of the thorax; scattered stiff hairs present; common. 

3. Xybticus Koch. Each lateral eye on a tu- 
bercle, the forward one being the larger; median ocular 
area as wide or wider in front than behind : 40 Ameri- 
can species, which live under bark, stones, and leaves. 

X. triguttatus Keyserling. Length 5 mm. ; females 
straw-colored or yellow, with black spots on the 
thorax and front of the abdomen and 3 broken trans- 
verse stripes behind; male with a thorax which is dark 
brown at the sides and lighter in the middle, and an 
abdomen banded with black and white: very common 
in grass and low bushes. 

X. versicolor (Keyserling) (Fig. 673). Length 7 
mm.; body flattened, mottled black and gray in color: 
common on trees, fences, etc. 

4. Philodhomttb Walckenaer. Abdomen bluntly 
pointed behind and flat; legs long, the second pair 
being the longest; labium much longer than wide: 24 
American species. 

P. vulgaris (Hentz) (Fig. 674). Length 6 mm. 
spreading an inch or more; color mottled gray with a median marking 
on the abdomen: on fences and walls. 

5. Ebo Keyserling. Labium not longer than wide; second pair of 
legs twice as long as any of the others; median eyes larger than the 
lateral ones; hinder row nearly straight: 3 American species. 




Fig. 073 




Fig. 674 

Tig. 673— Xyt- 
Uou9 vertioolor 
(Emerton). Fig. 
674— Philodro- 
mu8 vulgaris 
(Emerton). 



legs very long, 



Digitized by 



Google 



ARANEAE 429 

E. latithorax Keys. Length 3 mm.; color gray and white, with 
black spots ; body very wide ; head narrow in front. 

6. Tibellxxs Simon. Body long and slender, the legs 
projecting ahead and behind and not sideways; both 
rows of eyes curved: 2 American species. 

T. oblongus (Walckenaer) (T. duttonii Emerton) (Fig. 
675). Length 12 mm.; width 2 mm.; color gray or yellow, 
with dark longitudinal bands and a pair of black spots 
on the hinder part of the abdomen: very common on 
bushes and grass. 

Family 11. CLUBIONIDAE. 

Light-colored spiders usually without color markings ; 
upper row of eyes longer and the eyes usually larger 
than the under row; mandibles of females swollen at 
the base : the animals live in flat tubular webs in rolled-up 

* Fig. 675 

leaves or on plants and under bark and stones; about 95 Tibeilus 

. oblongua 

American species. (Emerton). 

Key to the genera of Clubionidae here described: 

a* Posterior spinnerets with a very distinct, conical terminal segment. 
b t Labium much longer than wide and extending beyond the middle of the 

maxillae 1. Clubiona 

6, Labium about as long as wide or less so, and not extending beyond the 
middle of the maxillae ; sternum extending between the hind legs. 

2. Phbuboltthus 
o, Posterior spinnerets with a very short and fre- 
quently indistinct terminal segment 
&t Cervical groove present. 

e\ Legs spiny 3. Castianeiba 

c, Legs not spiny 5. Tbachelas 

6, Cervical groove absent 4. Micaria 

1. Glubiona Latreille. Hinder legs longer 

than forward; spinnerets distinctly segmented; 

^ , labium longer than wide; mandible long; eyes very 

near the front margin of head: about 20 American 

species. 

0. obesa Hentz (C. crassipalpis Keyserling) 

(Fig. 676). Length 6 mm.; pale in color, without 

markings; mandibles and ends of male pedipalps 

Fig. 676 — Glubiona dark ; eyes in each row equidistant, the hinder 
obesa (Emerton). ' . 

row being the longer: common. 

2. Phbvbolxthto Koch. Each terminal claw with 6 to 10 spatu- 

late hairs; sternum broad and extending between the hind legs: 8 

American species. 
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P. alariua (Hentz) (Fig. 677). Length 3 mm.; cephalothorax light 
yellowish, with a black line on each edge; abdomen covered with irides- 
cent scales which change in color from grayish-green to pink : a very active 
spider living among stones on the ground. 

3. Oastianeiea Keyserling. Cervical groove pres- 
ent; anterior median eyes not close to the margin of the 
head; legs spiny: about 18 American species. 

0. descripta (Hentz) (C. crocata Emerton). Length 
8 mm.; body black, with a bright red spot on the end of 
the abdomen; ends of legs yellow: among stones in dry, 
open places; its egg case is a small parchment-like disc 
attached to a rock. 

4. Mioa&ia Westring. Body covered with scale-like 
hairs; last segment of the hind spinnerets very short, 
frequently indistinct, with an oblique groove; no cervical 
groove: 13 American species. 

Phrvroiithus M. aurata (Hentz). Body resembles an ant in size 

(BmertoJi). an <* color; length 6 mm.; color light brown, varying to 
bright yellow and orange: eastern states. 
5. T&ACHELA8 Koch. Posterior row of eyes curved forward ; legs with- 
out or with few spines, dorsal groove present: about 5 American species. 
T. tranquilla Hentz (T. ruber Keyserling). Length 8 mm.; cephalo- 
thorax wide; abdomen ovoid; color deep orange brown, the abdomen 
much lighter than the cephalothorax: under stones and leaves. 

Family 12. AGELENIDAE. 
The funnel-web spiders. Cephalothorax large, and often narrow in 
front and broad behind; cervical groove present; hind spinnerets very 
long and 2-jointed ; mandibles large ; 3 terminal claws on the feet : mostly 
large spiders which make a flat web on the grass and in the corners in 
barns and cellars, in the middle of which is a funnel-shaped tube form- 
ing the spider's retreat; about 50 American species. 
Key to the genera of Agelenidae here described : 
©j Spinnerets not in a transverse line. 

6, Both rows of eyes strongly curved backward 1. Ageleha 

6, Both rows of eyes not or but slightly curved backward. 

c, Anterior median eyes much smaller than the lateral 2. Coras 

c, Anterior median eyes either equal in size or smaller than the lateral. 

3. Tboknabu 
o, Spinnerets in a straight or curved line 4. Hahhia 

1. Agsleha, Walckenaer. Both rows of eyes strongly curved back- 
wards so that the anterior median and the posterior lateral are in a 
straight line; terminal segment of the hind spinnerets at least as long 
as the basal segment: about 4 American species. 
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Pig. 678 — Agelena 
ncovia (Enter ton J 



A. naevia Walck. Grass spider (Fig. 678). Body 18 mm. long or 
less, and yellowish brown, or black in color, with gray or dark markings 
and spots on the abdomen and broad longitudinal stripes on the cephalo- 
thorax, and covered with fine hairs: the very 
common spider which makes flat webs in the 
grass which are conspicuous when covered by 
dew; also in houses. 

2. Cobas Simon. Rows of eyes not curved 
or but slightly so; anterior median eyes much 
larger than the lateral: 1 species. 

C. medicinalis (Hentz) (Fig. 679). Body 
12 mm. long, light yellowish-brown in color and 
covered with gray hairs; abdomen large and 
oval and marked with gray 
spots of irregular shape: in 
woods among rocks and under 
loose bark, the web is not flat, 
but is usually curved in sev- 
eral places. 

3. Teoeka&za Latreille. Eyes all of the same 
size, both rows curved, the forward row but slightly; 
legs long and slender: about 7 American species. 

T. derhami (Scopoli). Body 10 mm. long, pale 
in color, with gray stripes and spots; first and fourth 
pairs of legs the longest: in cellars, barns, etc.; the 
web often forms a thick shelf in the 
corner; very common, having been im- 
ported from Europe, it and Theridion 
tepidariorum making most of the corner 
webs in cellars. 
4. Hahvxa Koch. Spinnerets extend across the abdo- 
men in a straight or curved line; anterior middle eyes 
smaller than the lateral: about 6 American species. 

H. agilis Keyserling (H. bimaculata Emerton) (Fig. 
680). Length 3 mm.; cephalothorax bright orange brown 
in color and the legs and abdomen pale yellowish with gray markings 
common under stones and leaves or among grass and moss. 



Fig. 679 — Cora* 
medicinalis 
(Bmerton). 




Pig. 680 

Eahnia agilis. 

ventral aspect 

(Emerton). 



Family 13. PISAURIDAE. 

Eyes in 3 rows; cocoon carried in the mandibles of the female; 
cephalothorax broad and flat : ground spiders of large size similar to the 
Lycosidae; about 18 American species. 
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1. PlSATTHINA Simon. Anterior row with 4 eyes of same size and 
straight ; area of the middle eyes longer than broad : 3 American species. 

P. nndata (Walckenaer). Length 13 mm.; color light brownish- 
yellow, with a wide, median, dark band edged with white running 
the length of the body; abdomen long and narrower than the cephalo- 
thorax : common in bushes ; no web is made 
until the young are ready to hatch, when 
the female builds a small web about the 
cocoon in which the young may live. 

2. Dolomedes Latreille. Area of the 
middle eyes as broad or broader than long ; anterior 
row of eyes curved forward: 7 American species. 

D. f ontanus Emerton (D. tenebrosm Em.) (Fig. 
681). Length 20 mm., with legs spreading 10 cm.; 
color gray; cephalothorax larger than the abdomen 
and with light bands on the side ; abdomen with dark 
cross lines: common on the ground in low 
bushes near water with habits like P. 
undata. 

D. sexpunctatus Hentz. Length 15 

mm.; color dark greenish-gray, with a whitish line 

on each side of the length of the body; abdomen 

larger than the cephalothorax; sternum with 6 dark 

spots : common under stones near the water on which Fig. 681 

... Dolomedes f ontanus 

it runs readily. (Emerton). 

Family 14. LYCOSIDAE." 

Wolf spiders. Large, active spiders which live on or near the 
ground; eyes usually in 3 rows; in the front row are 4 small eyes and 
back of these 2 pairs of large eyes; cephalothorax high and prismatic; 
feet with 3 claws, the small one surrounded by hairs: no web built, but 
many species line their retreats with silk; the cocoon is attached to the 
spinnerets and the young spiders are carried for a short time on the 
mother's back; about 114 American species. 

Key to the genera of Lycosidae here described : 

a, Labium longer than broad. 
b t Posterior spinnerets not longer than the anterior or but slightly so. 

o, Cephalothorax highest in the cephalic region 1. Lycosa 

c, Cephalothorax highest in the middle 2. Tbochosa 

6 S Posterior spinnerets half again as long as the anterior 4. Pirata 

o, Labium at least as broad as long. 3. Pabdosa 

• 8ee "New England Lycosidae," by J. H. Emerton, Trans. Conn. Acad., Vol. 6, p. 
481, 1885. "Canadian Spiders," by same, ibid., Vol. 9, 1895. "Descriptions of North 
American Araneae of the Families Lycosidae and Pisauridae," by T. H. Montgomery, 
Proc Acad. Nat Sci., Phlla., 1904, p. 261. 
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1. Ltcosa Latreille. Head very high and with sloping sides; 
labium longer than broad; hinder 2 pairs of eyes not on the margin 
of the head; legs usually long and with long spines: about 50 American 
species. 

L. helluo Walckenaer (L. nidicola Emerton). Length 18 mm.; long- 
est legs 25 mm.; color dull yellow or greenish-brown, with 3 narrow 
yellow stripes on the cephalothorax and a pointed stripe on the front 
half of the abdomen : common under stones in moist meadows and woods ; 
the female is seen with her cocoon in early summer. 

L. avida Walck. (L. communis Em.) (Fig. 682). Length 10 mm.; 
longest legs 18 mm. ; color from gray to black, with 3 light stripes on the 
cephalothorax and a pair of broad median stripes meeting behind on the 
abdomen: common in pastures, the female is carry- 
ing her cocoon in early summer. 

L. rabida Walck. (L. scutulata Hentz). Length 
13 mm.; longest legs 26 mm.; cephalothorax dark 
gray in color, with 3 light stripes; abdomen with a 
wide median stripe and several light and dark lines 
at each side. 

L. carolinensis Walck. One of our largest 
spiders, sometimes over 35 mm. long with legs 
spreading 75 mm. ; body covered with thick hair and 

/brown above and black beneath in color: on the 
ground or in its hole, a deep cylindrical pit, in which 
the eggs are hidden. 

£f*%?K * P* 61 Marx ( L - ^enicola Scudder). Sand 

spiders. Length 18 mm. ; color of male gray or sand 
color, with a spot in the middle of the abdomen, female gray or slate 
color, with a broad, serrate band on the abdomen: the female lives in 
a hole 10 inches deep, around the mouth of which is sometimes a low 
turret of sticks. 

2. Tboohosa Koch. Legs quite short; first row of eyes about as 
long as the second, which is not quite as long as the third row: 4 
American species. 

T. cinerea (Fabricius). Length 12 mm.; body gray or sand color 
with small spots : common on beaches and in sandy fields. 

3. Pabdosa Koch. Slender spiders with long legs; labium at least 
as broad as long; front row of eyes shorter than the second; second and 
third pair of eyes large and near the lateral margin of the head: 30 
American species. 

P. nigropalpis Emerton. Length 6 mm.; color black with a wide, 
irregular median area; pedipalps of male black: on the ground. 
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Fig. 683 — Pirata 
plratico (Emerton). 
A, dorsal aspect ; B, 
front view, showing 
the eyes. 



4. Pibata Sundevall. Labium longer than broad; first row of eyes 

as broad as the second : beneath stones and in the grass near the water 

over the surface of which they may freely run; 16 American 6pecies. 

P. piratica (Clerck) (P. marxi Stone) (Fig. 683). Length 6 mm.; 

color pale yellow with gray or black markings; 

eyes of the second row about half their diameter 

apart. 

Family 15. ATTIDAE. # 

^jpy^S THy Jumping spiders. Eyes in 3 rows, the front 

row usually curved and composed of 4 large eyes, 
the second row of 2 very small eyes, the third row 
far back on the head and composed of 2 large eyes 
which are usually turned a little backward; cepha- 
lothorax large and wide in front; legs strong and 
short and with 2 terminal claws on each; body cov- 
ered with hairs or scales: no web made, but some 
species make silk bag-like retreats on plants and 

under stones; the spiders run and jump sidewards and backwards as well 

as forwards; about 213 American species. 

Key to the genera of Attidae here described : 

o, Body not shaped like an ant 
6j Abdomen not longer than the hind legB. 
©, Body not noticeably flattened. 
dx Front row of eyes not touching one another. 

€x Eye area broader than long, body short and wide 1. Attus 

e, Eye area not broader than long. 

f x Eye area somewhat wider behind than in front 2. Phtdipfus 

/, Eye area quadrangular 3. Dendbyphantes 

da Eyes of front row touch one another 4. Salticus 

c, Body noticeably flattened 5. Mabpissa 

b t Abdomen longer than hind legs 6. Hyctia 

o. Body like an ant in shape 7. Synemosywa 

1. Atttts Walckenaer. Eye area broader than long; 
first leg with 2 rows of spines on distal half; third leg 
shorter than the fourth: about 6 American species. 

A. palustris Peckham (Fig. 684). Length 6 mm.; 
color brown or gray, with a median white line on the 
cephalothorax; abdomen with white spots and markings: 
on plants, with nests among the leaves. 

2. Phxdxfpits Koch. Cephalothorax high; eye area wider behind 
than in front; first leg thick and long; third leg shorter than the fourth: 
about 50 American species. 

• See "Attidae of North America," by G. W. and E. G. Peckham, Trans. Wis. 
Acad. Scl., Vol. 7, 1888. "New England Spiders of the Family Attidae/' by J. H. 
Emerton, Trans. Conn. Acad., Vol. 6, p. 220, 1891. 




Fig. 684— Af- 

tus palustris 

(Emerton). 
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Fig. 685— PWdfp- 

pus podafjroaui 

(EuiertoD). 



P. podagro8ll8 Hentz (P. multiformis Emerton) (Fig. 685). Length 
8 mm.; males black, with white and orange markings on the abdomen; 
female brown, mixed with black, white, and yellow, 
there being 3 or 4 pairs of white spots on the abdo- 
men of both sexes : very common on plants, with bag- 
like nests among the leaves. 

P. audax Hentz. Length 12 mm.; color black, 
with 3 large, white spots on the abdomen and several 
smaller ones: common under stones and sticks where 
it has a nest. 

3. Devdbythavtzs Koch. Second and third 
rows of eyes both small ; eye area forms a quadrangle ; 
cephalothorax rather high and short; 
third leg shorter than fourth: about 
22 American species. 

D. capitatus (Hentz) (D. ceativa- 
lis Peckham). Length 5 mm.; legs 
ringed; color variable, in male dark brown with a white 
stripe on each side, in female light yellow with 4 pairs 
of brown spots on the abdomen: common on bushes. 

4. Saltious Latreille (Epiblemum 
Hentz). Eyes of front row touching one 
another; mandibles of male very long and 
projecting in front of head: 4 American 
species. 
8. scenicufl (Clerck) (Fig. 686). Length 6 mm.; gray 
in color with 2 pairs of oblique, white spots on the abdo- 
men and 2 white spots on the cephalothorax: one of 
the commonest jumping spiders, on houses and fences; 
also in Europe. 

5. Mabpzssa Koch (Marptusa Thorell). Cephalo- 
thorax and abdomen both widened in the middle and of 
about the same size; legs long and thick: 6 American 
species. 

M. familiaris (Hentz). Length 12 mm.; body flat- 
tened, gray in color; cephalothorax with a dark brown 
band along each side; abdomen with a broad, irregular, 
yellowish- white median band: common on houses and 
fences. 

6. Hyotia Simon. Abdomen long and slender and 
narrower than the cephalothorax ; front legs much larger than the others 
2 American species. 



Fig. 686— £ott<- 
cus acenicus 
(Emerton). 



Fi*. 687 
Hyctia pikei 
(Emerton). 
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H. pikei Peckham (Fig. 687). Body 8 mm. long and very slender, 
with the abdomen twice as long as the cephalothorax and longer than the 
hind legs; abdomen with a very broad, black stripe having 3 notches on 
each side; rest of the body whitish; front legs brown, others white: 
common on sand and grass, on which it often lies with the legs parallel 
to the body, so that it would be seen with difficulty. 

7. Synemobyna Hentz. Cephalothorax and abdomen each with a 
deep dorsal depression; middle of the body slender, front middle eyes 
large, the rest small: 1 species. 

S. formica Hentz. Ant-like spider (Fig. 688). Body 6 mm. long 

and very slender; cephalothorax narrowed behind and the abdomen in 

front, and each has a deep dorsal depression in the middle ; 

color black with yellowish markings: the spider resembles 

an ant in shape and method of walking. 

Order 8. AOARINA.+ 

The mites. Small arachnids, in which cephalothorax 
and abdomen are unsegmented and so joined that the short, 
thick body is more or less ovoid or globose in shape. In 
some forms a suture separates the forward part of the body 
with two pairs of legs from the hinder part with the two 
hinder pairs; in a few also the abdomen is elongated and 
annulated, although not segmented. The six pairs of ap- 
pendages are well developed and consist of the mandibles 
and pedipalps and four pairs of legs, except in the Erio- 
phyidae, which have but two pairs. The mandibles may be 
chelate or formed for piercing and sucking. The pedipalps are usually 
more or less leg-like, with five joints or less, and in some forms they 
are chelate or subchelate; the basal joints may form plates called 
the maxillae, or they may unite to form a lip or labium. Accessory 
mouth parts are often present, as a hypostome or under lip and tongue, 
and an upper lip or epistome; the latter may be united with the 
lip below to form a tube called the rostrum, from which the man- 
dibles protrude. The legs are usually 5-jointed and end each with two 
claws. The external surface of the body is more or less covered with 
tactile hairs or with scales. Eyes are either present or absent. The 

* See "A Treatise on the A carina or Mites/' by Nathan Banks, Proc U. S. Nat 
Mus., Vol. 28, p. 1, 1905. "A Catalogue of the Acnrina or Mites of the United 
States," by Nathan Banks, same. Vol. 32, p. 595, 1907. "The Life History and 
Binomlcs of Some North American Ticks," by W. A. Hooker and others, Boll. 106, 
Bur. Ent., IT. S. Dept. Ag., 1912. "New Mites," by U. E. Ewing, Bull. Am. Mus. 
Nat. Hist., VoL 32, p. 93, 1913. "The Acarlna," by N. Banks, Bep. 108, Bur. Ent, 
1915. 




Fig. 688 
Synemottyna 

formica 
(Emcrton). 
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anus is at the hinder end of the body; the genital pore lies in front 
of it. 

The internal structure is characterized by its compactness. The 
digestive tract is well developed. Two Malpighian tubules, if any, are 
present. Many forms have no special respiratory system; others have 
tracheae, which open to the outside through a pair of spiracles situated 
either at the base of the mandibles or near the hind legs. 

The nerve ganglia are all united into a single mass, which is pierced 
by the (esophagus. Mites are unisexual animals. The young animal is 
usually born as a larva with six legs (Fig. 713, C) ; after feeding awhile 
it passes into a resting stage, from which it emerges as a so-called 
nymph, which has eight legs but no genital orifice; at the end of the 
nymphal stage it again becomes quiescent and develops into the adult. 
In some forms the development is abbreviated and the young animal is 
born as a nymph, or even as an adult. The six-legged larval stage has 
been observed in certain species to be preceded by an eight-legged embry- 
onic stage, which seems to indicate that the former condition is not a 
primitive one. 

Most mites are land animals and about half the species are parasitic, 
many, as the itch and mange mites and the ticks, being among the most 
troublesome and even dangerous parasites infecting man and his domestic 
animals. Many are parasitic on insects, especially on beetles and ants. 
A few are entoparasites, Halaraehne, living in the trachea of seals, and 
Pneumonyssus, in the lungs of a monkey. The non-parasitic forms eat 
small animals, including each other, and also decaying plant or animal 
matter, and are found on plants and the ground, under bark or dead 
leaves, while some form galls on plants. The Hydrachnidae and Halaca- 
ridae are aquatic, the former living in fresh and the latter in salt water. 
They are, however, very little modified for swimming, and possess no gills. 
The order contains about 3,000 species, about 500 being known in this 
country. These are grouped in about 26 families. 

Key to the families of Acarina here described : 

d Body elongate and worm-like, the hinder part ringed ; animals minute. 

&i Gall mites ; but 4 legs present 1. Eriophyidae 

o a Eight legs present ; mammalian parasites 2. Demodicidae 

o» Body not worm-like. 
6j No Bpiracles or trachea present ; minute mites. 
Cx On mammals or birds. 
dx Itch and mange mites ; parasites in the skin of mammals. .3. Sabcoptidae 

d. Bird mites ; among the feathers of birds 4. Analoesidae 

c, In fruit, grain, cheese, etc., and in certain plants 5. Tyroglyphidae 

6, Spiracles and tracheae usually present. 
d Horny mites ; a pair of usually club-shaped bristles on cephalothoraz. 

6. Oribatidae 
c, No such bristles. 
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d t Each spiracle in a stigmal plate (Fig. 700, C) near the fourth pair of leg*, 
e, Stigmal plate in front of fourth leg. 

ft Not on birds (except the genus Dermanyssug) 7. Gamasidae 

/, Parasitic on birds 8. Abgasidab 

e, Stigmal plate behind fourth leg 0. Ixodidak 

d. Spiracles not in stigmal plates, but at the base of the mandibles or near 
the fourth pair of legs. 
^ Aquatic mites. 

ft Fresh-water mites 10. Hydrachnidae 

/, Salt-water mites 11. Halacaridae 

e, Not aquatic. 

ft Mandibles long and snout-like 12. Bdellidak 

/ s Mandibles not so ; body often red. 

g x Mandibles chelate ; eyes stalked 13. Trombidiidae 

g t Mandibles piercing ; eyes sessile. 
^ Mid-dorsal line present ; not web-spinning. . . .14. Rhyncholophidae 
ht No mid-dorsal line ; web-spinning 15. Tetbantchidae 

Family 1. ERIOPHYIDAE. # (Phytoptidae.) 

Gall mites. Body minute and worm-like, the hinder 
part being greatly prolonged and ringed ; eyes and tracheae 
absent ; but 2 pairs of legs present, the hinder 2 parts being 
represented by wart-like projections or by hairs; pedipalps 
leg-like and 3- jointed, and holding between them the ros- 
trum, in which lie the needle-like mandibles; anus at the 
hinder end. The animals feed on plant juices and are the 
cause of galls, fuzzy spots, and other deformed structures 
on plants. The gall always has an opening (differing in 
this respect from those of the Hymenoptera and the Dip- 
tera, but not the Homoptera) and vary much in form 
among the different species. A fuzzy spot or erineum is a 
dense mass of twisted hairs, among which the mites live. 
Some of these mites live in buds and kill them, others cause 
the edge or surface of a leaf to curl or fold, while still 
others produce abnormal growths on twigs. The family 
contains about 227 species, 27 species being American. 

Ebiophtes von Siebold (Phytoptus Dujardin). 
Number of rings about the same on upper and under sides 
of the body: about 144 species, 22 American. 
E. pyri (Pagenstecker). Pear-leaf blister. Length .19 mm.; width 

.05 mm.: causes round, red spots on pear leaves, the opening being on 

the under side; the animals winter in the leaf buds. 

• See "The Pbytoptl and Other Injurious Plant Mites" by H. Carman, Twelfth 
Rep. of St Ent. Illinois, 1883, p. 23. •Eriophyidae," by A. Nalepa, Das Tierreich, 
1808. "Galls and Insects Producing Them/' by M. S. Cook, Ohio Nat, Vol. 2, p. 203; 
Vol. 8, p. 410 ; and Vol. 4, p. 125, 1002-04. "The Erlophyldae, Part I, The Apple and 
Pear Mites," by P. J. Parrott, H. E. Hodgklns and W. J. Schoener, Bull. 283, N. T. 
Ag. Ex. St., 1006. 



Fig. 680 
Eriophyes 

vitis 
(Banks). 
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E. vitis (Landois) (Fig. 689). Produces an erineum on the under 
side of grape leaves, which causes a swelling on the upper side; length 
.16 mm.; width .032 mm. 

E. quadripes (Shimer). Produces round galls on 
leaves of the soft maple. 

Family 2. DEMODICIDAE. # 

Body minute and worm-like, the hinder part being 
greatly prolonged and ringed; eyes and tracheae absent; 

4 pairs of 3-jointed legs; pedipalps close against the ros- 
trum ; anus just back of the hind legs : 1 genus with about 

5 species. 

Demodex Owen. With the characters given above: 
several species, which live in sebaceous glands and hair 
follicles of man and the domestic animals. 

D. follicnlormn Simon (Fig. 690). Length .4 mm. or less; width 
.05 mm.: in the skin of the human face, supposed to be the cause of 
"blackheads"; also in cattle and hogs. 

D. bovis Stiles. Length .25 mm.; width .064 mm.: in the skin of 
cattle, causing swellings of the size of a pea in the hide. 

Family 3. SABCOPTIDAE. # 

Itch mites. Body minute, globular, or ovoid in shape, finely striated 
on the surface and with a few long bristles; eyes and tracheae absent; 
legs short, each ending in 1 or 2 claws or a stalked or sessile sucker or a 



Fig. 600 

Demodex 

folliculorum 

(Banks). 




Fig. 681 — Sarcoptes tcabiei (Banks). A, dorsal aspect of female; B, ventral aspect 
of male ; C, a mite in its burrow. 

bristle; pedipalps close against the rostrum; mandibles usually chelate: 
in the skin of mammals and a few birds, causing itch and mange. The 
female burrows through the skin, feeding on the tissues, and leaving a 
row of eggs behind her, and finally dies at the end of her burrow. The 

• See "Demodiddae et Sarcoptidae," Das Tierreich, 1899. 
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Fig. 692 
optes 
female (Banks). 



P»oro\ 



ovi» — 



young female on being fertilized starts a burrow and thus a host 
becomes infested in patches. About 100 species, 13 species beiijg 
American. 

1. Sabooptes Latreille. The first two pairs of legs end with 
stalked suckers and in the male the fourth pair also; the others end 
each with a long bristle ; mandibles chelate : in mammals, 
burrowing in the skin; about 14 species, 6 American. 
S. scabiei (DeGeer) (S. hominis Hering). Itch mite 
(Fig. 691). Length of female .45 mm.; width .35 mm.; 
male half as large; egg .14 mm long: causes itch in 
man and mange in hogs. 

S. canis Gerlach. Mange mite. Length of female 
.48 mm.; width .35 mm.; egg .17 mm. long: causes 
mange in dogs, also in man, 

S. cati Hering. Mange mite. Length of female 
.25 mm.; width .2 mm.; egg .1 mm. long: causes mange 
in cats. 

2. Psoroptes Gervais. Mandibles adapted for 
piercing and not burrowing; stalks of leg suckers jointed: on the 
surface of the skin of mammals, where they suck blood; 5 

P. ovis Hering. Scab mite (Fig. 692). Length of 
female .60 mm.; width .40 mm.; egg .2 mm. long: on 
sheep, cattle, and horses, causing scab; the eggs hatch 
in 2 or 3 days and the young mature in 15 days; the 
females live several weeks, laying numerous eggs; an 
infection thus spreads very rapidly and may cause the 
death of the host; common in the west. 

3. Chorioptes Gervais. Females with suckers on 
the fourth pair of legs: on the surface of the skin of 
mammals, being restricted to certain parts of the 
animal; 2 species. 

0. communis Ziirn. Length of female .42 mm.; width .27 mm.: 
causes local inflammation in the ears of dogs, cats, and rabbits. 

4. Cnemidocoptes Ftirst. Female without suckers on any of the 
legs; mandibles chelate: on birds; 2 American species. 

0. mutans Robin (Fig. 693). Length of female .45 mm.; width 35 
mm. : the itch mite of fowls, causing scaly leg, but also appearing among 
the feathers. 



species. 




Fi«.e 

Cnemidocoptes 
mmtana 
(Banks). 



Family 4. ANALGESIDAE. (Dermaleichidae.) 

Bird mites. Minute mites with an elongated body, a transversely 
striated integument and often a transverse suture between the front 2 
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and the back 2 pairs of legs; mandibles usually chelate and beneath an 
epistome; legs with 5 joints and with a terminal sucker; in some genera 
the male has a pair of clasping suckers and copulatory legs; abdomen 
often bilobed behind: 31 genera and 400 species, which live upon birds, 
feeding on the feathers, epidermal scales, etc., and usually not parasites ; 
24 American species. 

1. Atf ALOES Nitzsch (Dermaleichus Koch). Body elongate, with the 
hinder end rounded or pointed, and 
never deeply bilobed; spines on the 
first pair of legs; third pair of legs 
of male larger than the others and 
ending with claws and not suckers; 
basal joint of first and second leg with 
a backward projection: on singing 
birds; 23 species, American. 

A. paaserinus (L.) (Fig. 694). 
Length .45 mm.; third pair of legs of 
male enormously enlarged and used as 
claspers: a European mite, found on 
several species of American birds. 

2. Meoninia Berlese. Third pair 

of legs much larger than the fourth, with long spines on the terminal 
joint; end of abdomen deeply bilobed in male: 42 species, 6 American. 
M. columbae Buchholz. Length .33 mm.; each abdominal lobe in 
male with 2 long and several small bristles; space between the lobes 
filled in by a membrane: on domestic pigeons and other birds. 




Fie. 694 — Analaes paaserinus (Banks). 
A, male ; B, female. 



Family 5. TYROGLYPHIDAE. # 

Minute mites with an elongated body and a smooth integument ; legs 
alike in the two sexes; mandibles usually chelate; eyes and tracheae 
absent; pedipalps close against the mouth parts; young born with 3 
pairs of legs, in most forms passing through a stage called the hypopus, 
in which it has 8 legs, but no mouth and no distinct mouth parts, but 
with suckers on the under surface, which enable it to attach itself to 
some insect or other animal which will transport it to some new local- 
ity, where it completes its metamorphosis: about 47 species, 27 species 
being American; they are not parasitic, but live on dried or decaying 
animal and plant substances, but are often a pest to housekeepers, gar- 
deners, and grocers, especially as the hypopus is often spread by 
house flies. 

• See "A Revision of the Tyroglyphldae of the United States/* by N. Banks, Tech. 
8er. No. 13, Bur. of Bnt., Dept. of Ag., Washington, 1906. 
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1. Tyboglyphus Latreille. Body elliptical, with a suture between 
the second and third pairs of legs; male with 2 suckers on each side of 
the genital pore; mandibles chelate; a sucker at the 
top of each foot : about 8 species. 

T. giro (L.). Cheese mite. Length .6 mm.; 
width .3 mm.; color whitish: in old cheese and sim- 
ilar substances. 

T. farinae (DeOeer) (Fig. 695). Length of 
male .5 mm. ; of female .3 mm. ; color whitish : in flour, 
grain, and stored foods; cosmopolitan; often a pest. 
T. linterni Osborn. Similar to the above, but 
Ft* ess smaller and with very long bristles extending back- 

Ti/ro0i^^ /oWnoe wards from the body: in mushrooms. 

2. Rhizoglyphttb Claparede. Suture between 
the second and third pair of legs; mandibles chelate; male with ventral 
suckers; feet short, with stout claws and spines: 2 species. 

R. hyacinth! (Boisduval). Bulb mite. Length .75 mm.: burrows 
into the bulbs of cultivated plants, giving entrance to fungi and bac- 
teria; often a pest in hot and green houses. 

Family 6. ORIBATIDAE.* 

Horny or beetle mites. Body minute and divided into 2 parts by a 
transverse suture; integument hard, with few hairs; a bristle, which is 
often long, prominent, and club-shaped, and is called the pseudostig- 
matic organ, arises from a depression near the hinder margin of the 
cephalothorax on each side (Fig. 696, 1) ; mouth parts and pedipalps 
small and hidden beneath the head; mandibles chelate; claws 1 or 3; 
the young are often very bizarre in shape: about 20 genera with over 
300 species, which feed principally on vegetable or decaying animal mat- 
ter and are not parasitic, but live in moss, grass, among decaying leaves* 
in crevices of bark, etc. 

Key to the genera of Oribatidae here described: 

o, Abdomen with a pair of wing-like expansion** 1. O alumna 

0) No such expansions. 
bx Cephalothorax with a pair of dorso-lateral ridges. 

Ox Body smooth 2. Liacabus 

c a Body rough ; cephalothorax and abdomen not distinctly separated. 

3. SCUTOVERTEX 

ft, No such ridges ; 3 claws on each leg. 

dx Body flat, often rectangular 4. Nothrus 

d, Abdomen very high with concentric rings 5. Neoliodks 

• See "On the Orlbatoldea of the United States/' by N. Banks. Trans. Am. Ent 
Boc., Vol. 22, p. 1, 1895. "Oribatidae," by A. D. Michael, Das Tierrelch, 1898. "New 
Oribatidae from the United States," by N. Banks, Proc. Acad. Nat. Sei., Pblla., 1908, 
p. 490. 
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Fig. 696 — Liaoarua nitidua 
(Banks) ; pseudostigmatic organ. 



1. Galvmva Heyden (Oribata Michael). Body shining black or 
brown in color, with a pair of horizontal wing-like expansions at the side 
of the abdomen and with 3 elaws on each foot: 21 American species; in 
moss or on trees. 

G. praten&is Banks. Length .7 mm.; yellowish-brown in color: often 
common in meadows. 

G. emarginata Banks. Body dark 
reddish-brown in color and .9 mm. long; 
wing emarginate below: often common 
in moss, or on the ground. 

2. Liaoakus Michael. Body smooth, 
last 3 pairs of legs inserted under the 
body, each ending with 3 claws : 9 Amer- 
ican species. 

L. nitidus Banks (Fig. 696). Body 1 mm. long, subspherical, shining 
dark reddish-brown or black: under fallen leaves, stones, etc.; common. 

3. Soutovebtex Michael. Divisions between cephalothorax and 
abdomen not very distinct; body rough and sculptured: 2 American 
species. 

8. marinus Banks. Paired bristles on cephalothorax wanting: on 
the rocks between tide marks on the Atlantic seashore. 

4. Nothbus Koch. Body rough and more or 
less rectangular; back flat or concave; legs short, 
thick, and rough, ending with 3 claws: 20 species, 
which live in moss, on bark of trees, or on rocks, 7 
American. 

N. exdsufl Banks. Length .7 mm. ; most of the 
hairs serrated: on the bark of spruce trees; New 
York state. 

K. ruguloBUS Banks. Body dark brown and 
very rough, appearing like a piece of dirt: common 
under loose bark. 
5. NE0LI0DE8 Berlese. Abdomen convex and very high, with con- 
centric rings; feet with 3 claws: 3 species. 

N. concentrica (Say) (Fig. 697). Body black, 1.5 mm. long; color 
brown: on bark of trees; Europe. 




Fig. 697 — Neoliodea 

concentrica 

(Banks). 



Family 7. GAMASIDAE. 

Scavenger mites. Body broad, with short legs; eyes absent; man- 
dibles usually chelate, and beneath them is a bifid hypostome; pedipalps 
5- jointed and prominent; legs 6- jointed and ending with 2 claws or with 
a sucker; tracheae present, a pair of spiracles being located above the 
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fourth legs, each being surrounded by a chitinous ring called the stig- 
mal plate or peritreme, which usually extends forwards a long distance; 
the young mostly born with 3 pairs of legs: numerous species and about 
18 American genera, some of the species being parasitic on insects, espe- 
cially beetles, and on vertebrates, while many species use insects for 
transportation; some lead a free life in moss and on the ground. 
Key to the genera of Gamasidae here described : 

Oj Free-living or attached to insects and rarely to vertebrates. 
b x First pair of legs inserted on one side of the mouth opening. 

Cj Leg with one claw ; female genital plate triangular 1. Gamasus 

c, Leg 1 without claws ; leg 2 thickened 2. Macrochexes 

6, First pair of legs inserted in the same opening as the mouth parts. 

4. Ubopoda 
a, Parasitic on birds 3. Derma nyssus 

1. Gamasus Latreille. Body usually flattened, with or without a 
transverse dorsal suture; female genital plate triangular; male genital 
pore on anterior margin of sternal plate: about 10 American species, 
which live on the ground, among fallen leaves, etc., or on insects. 

G. coleoptormn (L.). Length .6 mm.; transverse dorsal suture pres- 
ent; 4 large spines projecting from the hinder end; anterior end trian- 
gular; first pair of legs with sucking discs: on beetles. 

2. Maobooheles Latreille. Body elongate, with 
no transverse dorsal suture; second leg enlarged, in 
male curved and armed with teeth; mandibles very 
thick; male genital pore on anterior margin of 
sternal plate; first pair of legs without claws: 
several species. 

M. moBStna Banks. Body reddish-brown and 1 
mm. long, with 8 rows of clavate hairs above and a 
few on the hinder margin: common in ants' nests. 

3. Debmanybsus Duges. Bird mites. Body 

elongate and not distinctly constricted; hind legs 

Fig. 698 — Dermanya- no t reaching the hinder end ; mandibles chelate in 
•us galUnae & 9 

(Banks). male, long and piercing in female : parasitic on birds, 

especially domesticated ones; 1 American species. 

D. gallinae (DeGeer). Chicken mite (Fig. 698). Body .7 mm. 
long, .4 mm. wide, pear-shaped and flat and reddish in color: the mites hide 
during the day in the coop and at night attack the fowls and suck their 
blood, and are often a serious pest; they frequently attack dogs, eats, 
and horses, as well as man. 

4. Ubopoda Latreille. Body ovoid, with depressions on the under 
side for the reception of the legs ; mandibles very long and slender, and 
chelate : on beetles, ants, and other insects ; some are parasitic, but most 




Digitized by 



Google 




ACABINA 445 

of the species use the insects only for transportation, being young ani- 
mals in the nymphal stage which attach themselves by a pedicel of 
excrement: as adults they live on the ground among fallen leaves, and 
in similar places; several species. 

5. U. vegitans (DeGeer) (Fig. 699). Body 
arched, smooth, brownish in color, about 1 mm. 
long: common. 

Family 8. ABGASIDAE. 

Ticks. No scutum, as in the Ixodidae; stigmal 
plate between legs 3 and 4: 16 American species, %S2T(BiSIK>f 
which are nocturnal parasites of domestic birds. 

Abgas Latreille. With the characters of the family: about 10 
species. 

A. persicus Fischer (A. miniatus Koch). The Miana bug. Body 
oval in shape, 5 mm. long in the male and 10 mm. in the female and 
brown in color: often a dangerous parasite of chickens from Florida to 
California; cosmopolitan; in western Asia it bites persons and is much 
feared. 

Family 9. IXODIDAE. # 

Ticks. Body often large, and covered with a leathery integument 
capable of great distention in the female, with prominent, slender legs 
and beak-like mouth parts ; anterior dorsal surface covered with a horny 
shield, the scutum (Fig. 700, B), which in the male extends over the 
entire back ; articulating with the anterior margin of this is the head or 
capitulum, on which in the female are 2 pitted spots; head bears the 
short, thick, 3 or 4-jointed pedipalps at the sides and in the middle, 
the elongated beak or rostrum, which is made up of the 2 mandibular 
sheaths above, and the toothed hypostome or under lip beneath, with 
the 2 mandibles between, the latter organs being toothed at the tip; 
eyes present or not; tracheae present, the spiracles being just behind 
the last pair of legs, each surrounded by a stigmal plate or peritreme 
(Fig. 700, C) ; legs 6-jointed, ending with 2 claws and a pad, the foot 
of first pair also bearing a sense organ called Haller's organ: parasitic 
on mammals, birds, and reptiles; the female, when gorged with blood, 
falls to the ground to lay her eggs; the young ticks, which have but 
6 legs at first, usually ascend some plant and are brushed off by a 
passing vertebrate which can set as a host; 250 species, about 35 
American. 

• See "The Cattle Ticks of the United States," by D. C. Salmon and C. W. Stiles, 
Rep. Bureau of An. Ind. f U. S. Dept. of Ag. t 1902, p. 380. "Ixodidae," by L. O. 
Neuman, Das Tierrelch, 1911. 
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Key to the genera of Ixodidae here described: 

Ox Pedipalps much longer than broad. 

b x Eyes absent 1. Ixodes 

6, Eyes present 2. Amblyomma 

a* Pedipalps very short and thick. 

b x Stigmal plate round 3. Mabgabopus 

6, Stigmal plate comma-shaped 4. Debmacentob 

1. Ixodes Latreille. Eyes absent; pedipalps and beak long and of 
the same length ; anal groove surrounds anus anteriorly and is open pos- 
teriorly : over 50 species, about 14 in America. 

L ricinus (L.). The castor bean tick. Body oval, in male 3.5 mm. 
long and 2 mm. broad and high ; in female 4 mm. to 11 mm. long, accord- 
ing to the amount of blood it has sucked, and brown or yellow in color; 

at the base of the 
first pair of legs in 
~ ; ^ttmn - stay the female is a 

^^fe^ strong median 
4j#(M spine: cosmopoli- 
fir*..-*ir -^v$8l ^ an > often common 

g&, / 3 \mJ ^" on domestic ani- 

A X ^ " ^y mals, rabbits, etc, 

Fig. 700— Amblyomma americanum (Hooker). A. dorsal also on man. 
aspect of female; B, the scutum; C, stigmal plate. 1, » «~-~..i- -,:.. 

first leg; 2, pedipalps; 3, rostrum. A. 8C*pni*riS 

Say. Body 3 to 6 

mm. long and 2 mm. broad, with a dark brown shield: common in the 

southern states on all kinds of wild animals, dogs, and cattle. 

2. Amblyomma Koch. Eyes present; anal groove surrounds anus 
posteriorly and is open anteriorly; pedipalps and beak long: 86 species, 
4 American. 

A. americanum (L.). Lone star tick (Fig. 700). Body 4 mm. long, 
3 mm. wide; the gravid female may measure 12 mm. in length and 8 
mm. breadth; color of male brown, of female bluish, with a brown 
scutum, the hinder end of which has a conspicuous yellowish spot, 
which gives the animal its popular name: often common on cattle, also 
on man. 

3. Maboabopus Karsch (Boophilus Curtice). Eyes present, often 
indistinct; pedipalps short and broad, with the second and third joints 
extended laterally into sharp points; spiracles round: 2 species, 1 
American. 

M. annnlatus* (Say) (M. bovis Riley). Texas cattle tick (Fig. 701). 
Body oval and 2.30 mm. long, and brown in color in male, and elliptical 

• See "Texas Feyer ," etc., by J. R. Mobler. Bull. 78, Bur. Animal Industry, 
Dept. Ag. 1905. 
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or more or less rectangular and up to 13 mm. long and yellowish or 
slate-color in the female: southern states, on cattle, often very common, 
causing the destructive Texas fever, the disease being caused by the 
inoculation of the cattle by the tick of Babesia bigemina, a sporozoan 
blood parasite (see page 47). 

4. Debmaoextor Koch. Eyes present; pedipalps short and broad; 
stigmal plate comma-shaped; scutum partially white or yellow: 20 
species, about 4 American. 

D. variabilis (Say) (D. electus Koch). Dog tick (Fig. 702). Body 
oval or rectangular; scutum reddish-brown with white spots; stigmal 





Fig. 701 



Jfig. 701 — Margaropua annulatut (Banks). A, female; B, 
centor variabilis — male (Banks). 



male. 



Pig. 702 
Fig. 702 — Derma- 



plate finely punctate; color brown, variegated; length df replete female 
15 mm.; breadth 9 mm.: on domestic animals and man, often abundant 
in the eastern and central states, being the tick that often attaches to 
persons in the woods. 

D. venustna* Banks. The Rocky Mountain spotted- fever tick. Body 
an elongated oval and 2 to 6 mm. long in the male and about 15 mm. 
long in the female and reddish-brown in color: the northwestern states; 
the larvae live on small mammals and the adults on the larger domestic 
animals and man ; the cause of a very dangerous fever which is the result 
of the inoculation by the tick of a sporozoan blood parasite, Babesia 
hominis (see page 47). 

Family 10. HYDRACHNTDAE.f 

Fresh-water mites. Body usually ovoid or spherical and sometimes 
of large size, and often brightly colored; 1 or 2 pairs of eyes present; 

* See "A Zoological Investigation Into the Cause, Transmission, and Source of 
Rocky Mountain Spotted Fever,'* by C. W. Stiles, Bull. No. 20, Hyg. Lab., Treasury 
1 apartment, Washington, 1905. 

f See "Nordamerikanlsche Hydrachniden," by F. Koenike, Abh. d. natur. Ver. zu 
Bremen, Vol. 13, p. 167, 1895. "Deutschlands Hydrachnlden/' by R. Plerslg, Blbl. 
Zool. No. 22, 1897 to 1900. "Hydrachnidae und Halacaridae," by B. Pierslg und 
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mandibles with a terminal claw; pedipalps 5-jointed and usually long, 

the terminal claw being sometimes bent down to form a grasping organ; 

legs usually 5-jointed, with or without swimming hairs, and joined to 

body by prominent coxal plates (Fig. 705, 1) ; a pair of spiracles on the 

dorsal side of the rostrum; genital pore surrounded by a plate and 

usually near the center of the body; numerous minute suckers often on 

each side of the genital pore; eggs laid on plants, stones, etc; young 

born with 6 legs and usually go through a complex metamorphosis, often 

attaching themselves to aquatic insects : about 70 genera and 500 species, 

most of which live in fresh water, a few being found in brackish water 

or in the sea, and the genus Unionicola being parasitic in mollusks; about 

100 American speaies; 5 subfamilies. 

Key to the subfamilies of Hydrachnidae: 

Ot Large red mites with 4 eyes close together on a plate. 

6* Eye plate long and narrow 1. Limnocharikae 

ft, Eye plate short, broad and paired 2. Etlainae 

a, Eyes not close together on a plate, but far apart. 
&t Pedipalps chelate. 

d Mandibles 1 -jointed, straight and needle-like 3. Hydrachninaje 

c, Mandibles 2- jointed, the terminal joint a curved hook . 4. Hydbyphantin ae 
b t Pedipalps not chelate ' 5. Hygbobatinae 

Subfamily 1. LIMNOCHARINAE. 

Body very soft, variable in form, red in color; eyes 4, near together 
on a long lanceolate plate : 2 genera. 

Ltjinoohabes Latreille. Body rectangular; legs without swimming 
hairs, but with spines, and in 2 widely separated groups of 2 each : the 
animals do not swim but walk slowly over the mud and plants in the 
water; 2 species. 

L. aquatica (L.) (Fig. 703). Body red, 4 mm. long: on the bottom 
of ponds; cosmopolitan and common; larvae attached to water skaters 
(Hydrometridae) . 

Subfamily 2. EYLAINAE. 

Body soft, regular in outline, red in color ; eyes 4, near together on a 
paired plate: 2 genera. 

Eylais Latreille. Body oval, legs long, with swimming hairs, 
rather close together; genital pore between the first 2 pairs: 35 species, 
the larvae of which have been found on mosquitoes; 3 American species, 
which are rapid swimmers. 

H. Lohmann, Das Tlerreich, 1901. "A Review of the Genera of the Water Mites," bj 
R. II. Wolcott, Trans. Am. Mic. Soc, Vol. 26, p. 161, 1905. "Die SUsswasserfaaiia 
Deutschlauds, Heft 12, Araneae trod Acarina," by F. Koenike, 1909. 
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£. extendens (0. F. Miiller) (Fig. 704). Body red, 4 mm. long: in 
ponds; cosmopolitan and common. 

Subfamily 3. HYDEACHNINAE. 

Body soft 9 sometimes with chitinous plates; 4 eyes, 2 on each side 
and sometimes another in the middle ; rostrum usually elongate, forming 
a snout, at the end of which is the mouth; mandibles 1- jointed, long and 
needle-like; pedipalps chelate: 2 genera. 

Hydbaohna 0. F. Miiller. Body oval or round ; legs rather short, 
the last 3 pairs with swimming hairs; genital pore between the last 2 






Fig. 703 Fig. 704 Fig. 706 

Fig. 703 — Limnochares aquatica (Banks). A, ventral aspect; B, dorsal eye plate. 
704 — JSylais extendens (Wolcott). A, ventral aspect; B, dorsal eye plate. Fig. 
705 — Hydrachna geogrophica (Wolcott). l t coxal plates; 2, genital plate. 

pairs of legs; the larvae attach themselves to aquatic insects: about 33 
species, 8 American. 

H. geographies (Mull.) (Fig. 705). Body oval, arched, dark red in 
color with dark spots on the back; length 7 mm.: often common; 
cosmopolitan. 

Subfamily 4. HYDBYPHANTINAB. 

Body soft, sometimes with chitinous plates, and red or brownish in 
color; 1 or 2 eyes on each side and sometimes a median eye; coxal plates 
in 4 groups : the larva leaves the water and is parasitic on aerial insects, 
returning to the water to complete its transformation; 13 genera. 

Key to the genera of Hydryphantinae here described : 

Ot One eye on each side contained in a chitinous capsule, and a median eye. 

b x Swimming hairs on legs 1. Hydbtphantes 

b t No swimming hairs 2. Thtas 

a» Two eyes on each side and no median eye 3. Diplodontus 

1. Hydbtphaktbs Koch. Swimming hairs on the last 3 pairs of 
legs; median eye surrounded by a chitinous plate, but no other chitinous 
plates on the dorsal surface : 17 species. 

H. ruber (DeGeer) (Fig. 706). Body 2 mm. long, red in color, often 
tending to be dark: in wood ponds, especially in the springtime. 
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2. Thtas Koch. Like the above but with no swimming hairs on the 
legs; body flattened: 7 species, 2 American, the larvae of which leave 
the water and attach themselves to aerial insects. 

T. stolli Koenike. Body 1.2 mm. long, oval and red in color; legs 

with numerous bristles. 

8. Dxplodonttts D U g e 8. 
Body oval or round; eyes 2 on 
a side ; no median eye ; legs with 
swimming hairs; genital plate 
heart-shaped: 3 species. 

D. despiciens (0. F. Miiller) 
(Fig. 707). Body 2 mm. long, 
red in color with 'an indistinct 
darker dorsal spot, and also 





Fig. 706 Fig. 707 



^ Fig. lOb—Hydryphantes ruber (Wolcott). , ... .„ . 

1. cozai plates ; 2, genital plate. Fig. 707— covered with papillae ; larva on 

Diplodontua despiciens (wolcott). A, ven- . f . . 

tral aspect of male; B, pedlpalp of female, aerial insects: common. 



Subfamily 5. HTGBOBATINAE. 

Body compact, surface smooth or with fine parallel lines, sometimes 
with chitinous plates; eyes of the 2 sides distant from each other, either 
1 or 2 eyes being on a side and never in a capsule; no median eye; 
pedipalp not chelate, or rarely so; coxal plates large, sometimes cover- 
ing the whole ventral surface; the larva (except in Unionicola) attached 
to water insects : 53 genera, 2 genera with about 4 species being found in 
the sea off the coast of France. 

Key to the genera of Hygrobatinae here described : 

Ot Pedipalps not chelate. 
bt Coxal plates not fused together. 

d Coxal plates in 3 groups 1. Hyorobates 

c, Coxal plates in 4 groups. 
dx Fourth leg ending with a claw and not a bristle. 

€t Free-swimming; fourth joint of pedipalp with 2 papillae 2. PlONA 

e, Parasitic in mussels 3. Unionicola 

d, Fourth leg ending with a long bristle 4. Lzmnesia 

o, Coxal plates fused into a single plate 5. Koenikea 

o» Pedipalps chelate ; body of male with a posterior appendix. . .6. Arrhknubub 

1. Hyorobates Koch. Body ovoid; coxal plates of female in 3 
groups; no swimming hairs present; genital pore midway between the 
hinder coxal plates and the hinder end of the body with 3 or more suckers 
on each side: 11 species, 4 American. 

H. longipalpis (Hermann) (Fig. 708). Body 2.5 mm. long and yel- 
low in color, very convex dorsally; pedipalps almost half as long as the 
body: cosmopolitan, 
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Fig. 708 — Hyqrth 

bates longipalpia 

(Wolcott). 



2. PlOHA* Koch (Curvipes Koenike). Fourth joint of pedipalp usu- 
ally with 2 papillae; legs all with swimming hairs; genital pore close 
behind the hind coxal plates: 19 American species, among the largest 
and most active hydrachnids. 

P. spinulosa (Wolcott) (Fig. 709). Body broadly 
elliptical and about .5 mm. long, being one of the 
smallest of the genus and nearly transparent, with 
patches of dark brown and a spot between the large 
eyes; coxal plates close together and covering most of 
the ventral surface ; legs long and with few spines ; 20 
to 30 suckers on each side of genital pore: widely 
distributed and common in central states. 

3. TJNiONioOLAf Haldeman (Atax Fabricius). Body 

ovoid or round ; genital opening at the hinder end of body, the plate on 
each side of the opening bearing many minute suckers; pedipalps long, 
in the parasitic forms thick ; first pair of legs usually thick, in the non- 
parasitic species with long, movable spines ; third and fourth pair of legs 
with swimming hairs: 16 American species, most of 
which are parasitic either in youth or permanently, 
on the gills of Unionidae and occasionally other 
mollusks. 

U. ypsilophora (Bonz). Body ovoid, about 1.3 
mm. long, yellowish-white in color with large brown 
or black spots, and a yellow Y-shaped mark on the 
back ; about 20 minute suckers on each side of gen- 
ital pore; first pair of legs not thicker than the 
others: widely distributed and common in the 
eastern and central states, occurring, with rare exceptions, in species of 
Anodonta; Europe. 

U. fossulata (Koenike). Body ovoid, about 1.4 mm. long; 5 suckers 
on each side of genital pore; first pair of legs not so thick as the pedi- 
palps : central states, common, occurring, with rare exceptions, in species 
of Unio. 

4. LrKNESlAt Koch. Body ovoid; fourth pair of legs without the 
terminal claws, but with a bristle at the tip; pedipalps long with the 
second joints thickened ; 3 or 4 suckers on each side of the genital pore ; 
4 eyes: 6 American species. 




Fig. 709 

Piona spinulosa 

(Wolcott). 



• See "The North American Species of Curvipes," by R. H. Wolcott, Trans. Am. 
Mlc. Soc, Vol. 23, p. 201, 1902. 

t See "On the North American Species of the Genus Atax Fabr.," by R. H. Wol- 
cott, Trans. Am. Mlc. Soc, Vol. 20, p. 193, 1899. 

t See "On the North American Species of Llmnesla," by R. I}. Wolcott, Trans, 
Am. Mlc Soc, VoL 24, p. 85, 1903. 
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L. hiatrionica (Hermann) (Fig. 710). Length of female 2 mm.; 
breadth 1.7 mm.; male half as large; color variable but usually yellowish 
with dark patches and red spots on the back; legs bright green; eyes 
red ; body marked with faint wavy lines ; pedipalps very long and thick : 
very common over the whole country; Europe. 

5. Koehixea* Wolcott. Body round, flat or concave on dorsal sur- 
face, with a long curved rostrum in the female; coxal plates of male 
fused into a single plate, and in the female into 2 plates; legs with 






Fig. 710 Fig. 711 

Fig. 710 — IAmnesia histrionica (Wolcott). Fig. 711 — Arrhenuru* americanut (Mar- 
shall). A, ventral aspect of male; B, ventral aspect of female. 

swimming hairs; numerous minute suckers on each side of the genital 
pore: 1 species. 

K. concava Wolcott. Body .67 mm. long; eyes 2, widely sepa- 
rated: common and widely distributed over the eastern and central 
states. 

6.-A&&HE2nraU8f Duges. Integument very hard and porous; back 
with a circular furrow enclosing the dorsal shield ; female oval in shape ; 
male with the hinder end very much prolonged, forming an appendix; 
eyes widely separated; coxal plates of the first 2 pairs of legs contiguous; 
also those of the last 2 pairs; pedipalps chelate: 150 species, 50 
American. 

A. marshalli Piersig. Body of male 1 mm. long with the appendix 
very long, cylindrical and constricted at the base; female .8 mm. long 
and oval; color blue-green, occasionally orange: cosmopolitan and com- 
mon, usually the most abundant of the genus. 

A. americanus Ruth Marshall (Fig. 711). Male .92 mm. long; 
appendix widest at hinder end; color greenish, tinged with red; female 
1.12 mm. long and ovate in form: abundant in the Middle West. 

* See "New Genera and Species of North American Hydrachnldae," by R. R. 
Wolcott, Trans. Am. Bile Soc., Vol. 21, p. 188, 1900. 

t See "The Arrhenurl of the United States,** by Ruth Marshall, Trans. Am. Mlc 
Soc, Vol. 22, p. 85, 1008. 
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Family 11. HALACABIDAE.* 

Salt-water mites. Body rather elongate, usually with a suture 
between the 2 pairs of legs ; rostrum often large ; 3 eyes usually present ; 
no tracheae; no swimming hairs on legs: about 10 genera and 70 species 
known; the animals are found crawling slowly over algae in the sea, 
being vegetal feeders; the young feed on the eggs of copepods and are 
attached to various animals; 1 fresh- water species. 

Halaoakto Gosse (Thalassarachna Packard). Pedipalps 4-jointed, 
long, free, and distant from each other; body convex and rather elon- 
gate; first leg but little thicker than the second: about 41 species, 1 in 
fresh water. 

H. verrilli (Packard). Body ovoid with a transverse suture, just 
back of which is a pair of black eyes ; color dark, rostrum conical ; man- 
dibles slender and almost as long as the pedipalps; length 
1.75 mm.: on hydroids off the coast of Maine. 

Family 12. BDELLIDAE. 

Snout mites (Fig. 712). Body elongate, with a trans- 
verse suture between the second and third pairs of legs; 
mandibles very long and large; pedipalps long and slen- 
der ; spiracles at the base of the rostrum : about 13 Amer- 
ican species, which are active predacious animals living 
in moss, rotten wood, and similar places, and can move 
backwards as well as forwards. 

Bdella Latreille. Palps used like antennae and Fig. 712 
elbowed, the last joint bearing 2 or more long bristles; A (Banka™.* 8 
mandibles chelate: about 10 American species. 

B. marina Packard. Body red in color and 2 mm. long; last joint of 
pedipalp not widened at tip, hairs at end not as long as the joint; many 
bristles on body: along Atlantic seaboard. 

B. cardinalis Banks. Body red in color and 1.2 mm. long; last joint 
of pedipalp widened at tip, and with hair at end much longer than joint; 
body with about 20 bristles: in moss and on the ground. 

Family 13. TBOMBIDIIDAE. 

Harvest mites. Body globular or elongate, red in color, and hairy, 
usually with a transverse suture between the second and third legs; 
mandibles chelate; eyes often stalked (Fig. 713) ; legs end with 2 claws; 
pedipalps 5- jointed ; spiracles at the base of the mandibles ; the larvae 

• See "Hydrachnidae and Halacarldae," by R. Pterelg and H. Lohmann, Das 
Tlcrreich, 1901. 
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have 3 pairs of legs and are parasitic on insects, spiders, etc., Trombidium 
being very common on house flies in the autumn, certain species, espe- 
cially in the southern states, attacking man: about 4 American genera 
with 30 species, none of which are parasitic as adults. 

Teombidittm Fabricius. Mandibles chelate; eyes stalked: about 12 
American species, which are found on plants and on the ground, and 
walk slowly. 

T. sericeum Say. Body broadest in front, densely covered with short 
silken hair; eyes 2 and stalked and white: the commonest species in the 

t eastern states, living on trees and on the ground. 
T. locustarnm Riley 
V ^ ^ Fig# 713 * # Body elon " 

^^^MjAr g*te> red, tapering be- 

V V ffi^ ^tt*rHL^ nm< * ; male with a 

VV J f Is f\*J vim sunken elliptical area 
Wjfit ^ g\, !r*\ above; 4 to 5 mm. long: 
8 • ^*c * on ground, young on 

Pig. 713— Trombidium locustarnm (Banks). A, ventral grasshoppers, 
aspect of male; B, eye-stalks; C, a larva. 

Family 14. BHYNCHOLOPHIDAE. 

Like the Trombidiidae, but with piercing mandibles and sessile eyes; 
a mid-dorsal line or furrow on cephalothoraz : 3 American genera, the 
individuals of which walk rapidly. 

Bhtkoholophus Duges. Mandibles slender, needle-like, and retrac- 
tile; eyes 4 and sessile; legs long: 15 American species, which feed on 
small insects, such as aphids and scales, and run rapidly. 

R. simplex Banks. Body red, 2.2 mm. long, with some erect bristles 
on the body and among them many fine hairs; all legs long, hind pair 
longer than the body: on dry ground. 

R. macnlatU8 Banks (Fig. 714). Body with red spine-like hairs, 
leaving several smooth white patches; legs short, hind pair no longer 
than body; length 1.5 mm.: on ground and plants. 

Family 15. TETRANYCHIDAE. # 

Red spiders. Body oval, with a few bristles arranged in about 4 
rows, and with a transverse suture between the second and third pairs of 
legs, and red in color; 2 or 4 eyes, without stalks; pedipalps 4- jointed, 
the penultimate joint usually with a strong claw; mandibles with their 
basal portions fused and tips long and flexible, and fitted for piercing 

• See "The Red Spiders of the United States/' by N. Banks, BuU. No. 8, Tech. 
Ser., Div. Ent., U. S. Dept. Agr., 1»00. 
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the plant tissues, on the juices of which the animal usually lives: on 
plants and the ground, often a pest in greenhouses; about 6 American 
genera, with 20 species. 

1. Tetranyohus Dufour. Pedipalps short, ending with a thumb- 
like projection; the animals are able to spin a web, by means of which 
they fasten the minute red eggs to leaves; first pair of legs longer than 
the body: about 14 American species. 






Pig. 714 Fig. 715 Pig. 710 

Fig. 714 — Rhyncholophus macvlatus (Banks). Pig. 715 — Tetranychus bimaculatua 
(Banks). Big. 716 — Bryobia pralensig (Banks). 

T. bimaculatua* Harvey (T. cucumeris Boisduval) (Fig. 715). But 
1 claw on each foot, which splits into 4 near the tip; color and size 
variable; color usually red, but sometimes yellowish with black dots: 
often common on vegetables and cultivated flowers, both in greenhouses 
and out of doors. 

2. Bryobia Koch. Body with scale-like hairs above: 1 American 
species. 

B. pratensis Garman (Fig. 716). The clover mite. Body red with 
4 scale-like hairs projecting in front; first pair of legs longer than the 
others : often numerous on clover and fruit trees ; eggs red, on fruit trees 
in winter; they often hibernate in houses, and may become a nuisance. 

Order 9. LINGUATTJLIDA.t 

Worm-like arachnids (Fig. 717, A), in which the abdomen is very 
much elongated and composed of a large number of short rings, which 

* See "The Common Red Spider (Tetranychu* Wmaculatus) ," etc., by P. H. 
Chittenden, Cir. 29, Div. of Bnt, U. S. Dept. of Agr., 1900. 

t See "Contribution to Helmlnthology," by J. Leidy, Proc. Acad. Nat Sd., Pbila., 
Vol. 5, p. 96. "A Synopsis of Bntozoa," etc., by the same, same, 1856, p. 42. 
"Description of Pentastomum prob.," by the same, same, 1884, p. 140. "Ban u. 
En t wick, von Pentastomum,*' etc., by C. W. Stiles, Zeit. f. Wiss. Zool., Bd. 52, 1891. 
"An Attempt to Revise the Family Lingua tuHdae," by A. E. Shipley, Arch, de 
Parasik, VoL 1, p. 52, 1898. 
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are not, however, equivalent to somites. The cephalothorax is very short 
and hears on its ventral side 2 pairs of hook-like retractile claws. Excre- 
tory, respiratory, circulatory, and sense organs are all absent. The diges- 
tive tract is a straight tube. The nervous system consists of a sub- 
oBsophageal ganglion and a circumcBsophageal ring. The sexes are 
separate, the male genital pore being near the mouth, the female near 
the anus at the hinder end. The lingua tul ids live as parasites in the air 
passages and also in the body cavity of certain mammals and reptiles. 
The eggs reach the outside world together with the 
discharges of the host and must be swallowed by a 
mouse, rabbit, or other small animal in order to de- 
velop. The larva (Fig. 717, B), hatching in the stomach 
of this intermediate host, is quite mite-like in appear- 
ance and has 2 pairs of legs and boring mouth parts. 
It makes its way into the liver, peritoneum, or other 
organ, where it encapsules itself and here undergoes 
the greater part of its metamorphosis and attains the 
form of the adult, except that it 
has a circle of spines around each 
ring and is not sexually mature. 
It may then leave its cyst and 
migrate through the tissues of the 
host, and may reenycst in some 
other locality. If the intermedi- 
ate host is then eaten by the final 
host, the parasite passes into its 
final resting place in the latter. 
It may, for instance, pass directly 
from the mouth into the nasal 
passages, or it may migrate from 
the stomach or intestine through 
the intestinal wall into the lungs, or air passages, where it becomes 
mature. 

The linguatulids were formally classed among the worms, but the 
resemblance of the body of the adult to that of eriophyid mites and of 
the larva to the short-bodied mites, as well as their voluminous body 
cavity and striated muscle fibres, have caused them to be placed among 
the Arachnida. Both the adult and larva are occasionally found in man. 
The order contains 3 genera and about 26 species. 
Key to the genera of Linguatulida here described : 

Ox Body flat 1. LnrauATUUk 

o» Body cylindrical 2. Pobocephalub 




Pig. 717 — Porocephalus crotali. A, dia- 
gram showing anatomy ; B. a larva (Stiles). 
1. mouth ; 2, hooks : 3, genital pore : 4, tes- 
tis ; 5, intestine ; 6, sperm duct ; 7, anus. 
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1. LnroxTATTTLA Frolich (Pentastomum Rudolphi). Body flat, with 
a convex back and scalloped edges; cephalothorax usually not so broad 
as the abdomen: 4 species. 

L. taenioides (Lamarck). Body lanceolate; number of abdominal 
rings about 90 ; length of female 85 mm. ; width 10 mm. ; length of male 
20 mm.; width 3 mm.: the adult occurs in the frontal sinus of the dog 
and horse and in the nasal cavities of the dog, horse, wolf, fox, goat, and 
man; the larvae form (P. denticulatum) is 5 mm. long and 1.5 mm. wide 
and occurs in the liver, lungs, and other organs of the cat, horse, rabbit, 
rat, and other animals. 

2. Pobocephaltjs Humboldt (Pentastomum Rudolphi). Body cylin- 
drical; head usually, but not always, as wide as the abdomen: 21 species. 

P. crotali Humb. (P. proboscideum Rud.) (Fig. 717). Body sub- 
clavate; number of rings about 40; length of female 80 mm.; width 7 
mm. ; length of male 56 mm. ; width 5 mm. : the adult occurs in the lungs 
and body cavity of the rattlesnake and boa constrictor and a few other 
animals; the larva (P. subcylindricus) occurs in the liver and body cavity 
of the mouse and other small animals. 

Order 10. TARDIGRADA/ 

Water bears. Minute, usually aquatic animals with a cylindrical 
nnsegmented body, tapering slightly at both ends and with 4 pairs of 
short legs, each ending with several claws, the last pair of legs being at 
the hinder end of the body. No mouth parts are present, but a pair of 
retractile teeth project from the mouth, beside which are the openings of 
a pair of large salivary glands. Respiratory, excretory, and circulatory 
organs are wanting. The digestive tract is a straight tube. The nerv- 
ous system consists of a brain and 4 pairs of ventral ganglia; a pair of 
eyes are usually present. The animals are hermaphroditic, the single 
gonad opening into the cloaca ; the eggs are usually laid while the female 
is moulting and the young develop in the empty skin. 

The tardigrade are microscopic animals which are found among 
aquatic vegetation and at the bottom of standing water, and also in moss 
and other damp places, where they live on both vegetal and animal food. 
They possess the ability to exist in a desiccated condition for several 
years. The systematic position of these animals is very obscure. They 
are usually placed near the mites among arachnids, because of their 4 
pairs of legs and small nnsegmented body, but their simple structure, 
primitive legs, lack of mouth parts, and unstriated muscle fibres seem to 

• Bee "Beitrttge snr Naturgeschichte der Tardigarden," by L. H. Plate, Zool. 
Jahrb., Abt far. Anat., Bd. 3, 1888. 
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indicate that they are the most primitive of all arthropods. The order 
contains about 6 genera and 50 species. 

1. Magrobiottjs S. Schultze. Claws all or in part double and often 
of different lengths; dark but never red pigment in the integument; no 
feelers or cirri on head; a pair of strong teeth in the 
mouth: 7 species. 

M. hnfelandi Schul. (Fig. 718). Each leg ends 
with 2 double claws, the 2 sides of each pair being 
firmly fused and one of them with a small branch 
claw; length .7 mm.: common in fresh-water ponds. 

2. EoEzmsorrs S. Schultze. Claws all single and 

not double, several being on a leg, all of the same 

length; 2 red eyes present, also short cirri or feelers 

beside the mouth on each side; 2 long teeth in the 

jfamiwo? mouth ; the cuticula, jointed on the back, often has red 

YZa'n Y* spots in it, and usually spines or hairs project from it : 

about 13 species in both fresh and salt water. 

E. sigismnndi Schul. Third leg with a short spur; each leg ends 

with about 8 claws; 2 sharp palps on each side beside the mouth, and 2 

more beside the eye ; length .2 mm. : marine, among algae. 

E. testudo Doyere. Body reddish in color and opaque; length 3 
mm.: often in the moss of damp roofs. 

Order 11. PYCNOGONIDA.* (Pantopoda.) 

Sea spiders. Marine arachnids, usually of small size, in which the 
body consists of a large segmented cephalothorax and a minute rudimen- 
tary abdomen (Fig. 719). Seven pairs of appendages are present, of 
which the hinder four pairs are the very long, 9-jointed legs, which seem 
to have developed at the expense of the trunk, as it is reduced to the 
smallest proportions. The three forward pairs of appendages are the 
long chelate mandibles, the slender pedipalps, and the slender ovigerous 
legs, which are wanting in the females of certain species. The cephalo- 
thorax is made up of the following five segments: the anterior more or 
less cylindrical rostrum, at the front end of which is the mouth; a large 
segment bearing the mandibles, the pedipalps, the ovigerous legs and the 
first pair of walking legs, as well as 4 eyes; and 3 segments, each bearing 
a pair of legs. The digestive tract is complex in structure, long diver- 

• See "The Pycnogonida of New England and Adjacent Waters," by E. B. Wilson, 
Rep. U. S. Fish. Com. for 1878, p. 463, 1880. "A Contribution to the Embryology 
and Phytogeny of the Pycnogonida," by T. H. Morgan, Studies Biol. Lab., Johns Hop. 
Univ., Vol. 5, 1800. "Notes on the Habits of Pycnogonlds," by L. J. Cole, BioL 
Bull., Vol. 2, p. 195, 1901. "Pycnogonida," by D. W. Thompson, Camb. Nat Hist, 
Vol. 4, p. 500, 1909. 
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ticula extending off from the intestine into the legs and the mandibles 
almost to their tips. The anus at the end of the abdomen. No respira- 
tory or excretory organs are present. The nervous system consists of a 
brain and a ventral nerve chord with five pairs of ganglia. The sexes 
are separate, the gonads consisting of a pair of testes or ovaries which 
are fused together in the adult and much branched. The genital pores are 
situated in most cases on the second segment of the last two legs in the 
male and of all the legs in the female. The eggs are carried by the males 
on the ovigerous legs and hatch usually into six-legged larvae, which go 
through a metamorphosis. The larva of Pallene resembles the adult at 
hatching. 

The pycnogonids live among marine algae and on hydroids, and vary 
in length from a millimeter to a number of centimeters. Their system- 
atic position is very obscure, but they are usually grouped with the 
arachnids. They differ from these animals, however, in having seven 
pairs of appendages, a difficulty which may be overcome by considering 
the last pair of legs abdominal and homologizing them with the first pair 
of embryonic abdominal legs, which characterize the other arachnids. 
The animals have been classed with the Crustacea and the larva compared 
with the nauplius, to which it has a superficial resemblance. They have 
also been derived from a primitive annelid ancestor and the characteristic 
larva compared with a modified annelid larva. The order contains about 
9 families and over 200 species. 

Key to the families of Pycnogonida here described: 

Ox Mandibles wanting 1. Pycnogonidae 

a, Mandibles present. 

6 t Mandibles not chelate 2. Ammotheidae 

O) Mandibles chelate. 

c t Pedipalps wanting 3. Fallen id ae 

c, Pedipalps present 4. Nymphonidae 

Family 1. PTCNOGONIDAE. 

Body broad and flat; mandibles and pedipalps wanting: 1 genus. 

Ptohogootm Briinnich. Ovigerous legs 10-jointed, wanting in the 
female; accessory claws wanting: 10 species. 

P. littorale (Strom) (Fig. 719). Length 16 mm.; spread of legs 38 
mm.; eyes small, black, and widely separated, on a prominent tubercle; 
ovigerous legs very small : Long Island Sound to Gulf of St. Lawrence, 
from low-water mark to 400 fathoms, usually under stones; cosmo- 
politan; Europe. 

Family 2. AMMOTHEIDAE. 

Body broad and thick; mandibles not chelate; accessory claws 
present or not: 9 genera and 30 species. 
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Tahtsttltoc Miers. Mandibles 1-jointed and rudimentary; pedi- 
palps 6-jointed; ovigerous legs 10-jointed and present in both sexes; 
accessory claws present: 8 species. 





Fig. 719 — Pycnoaonum Uttorole (Wilson). 
Tanystylum oblculare (Wilson). 



Fig. 720 



Explanations as In Pig. 721. Fig. 720 — 
Explanations as in Fig. 721. 



T. obicnlare E. B. Wilson (Fig. 720). Length 1.5 mm.; spread of 
legs 6.4 mm.; ovigerous legs about half as large in the female as in the 
male : Vineyard Sound from low-water mark to 14 fathoms, on hydroids 
or ascidians growing on wharves, etc. 

Family 3. PALLENIDAE. 

Body rather stout; mandibles chelate; pedipalps wanting; accessory 
claws wanting or not: 8 genera and 60 species. 

1. Palleye Johnston. Mandibles 3- jointed; legs very long; oviger- 
ous legs 9-jointed; accessory claws present: 10 species. 

P. empusa E. B. Wilson. Length 1.5 mm.; spread of legs 13 
mm. ; eyes red ; ovigerous legs about a third as long as the other legs in 
the male, and smaller in the female : Long Island and Vineyard Sounds, 
on hydroids in shallow water. 

2. Anoplodaotylto E. B. Wilson. Body slender; rostrum rounded; 
mandibles 3-jointed; ovigerous legs 6-jointed and wanting in female; 
accessory claws absent: 12 species. 

A. lentus Wils. Length 7 mm.; spread of legs 30 mm.; eyes brown 
or black; rostrum and mandibles long; ovigerous legs stout; legs very 
long; color purple, sometimes gray or brown: common between tide marks 
and in shallow water in Vineyard Sound, on hydroids and ascidians. 

Family 4. NYMPHONIDAE. 

Body slender or broad, with a large tapering rostrum; mandibles 
chelate; pedipalps present: 4 genera; 55 species. 
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Nyxfhov Fabricius. Body slender, mandibles 3-jointed; pedipalps 
5-jointed; ovigerous legs present in both sexes and 11-jointed; legs 
slender, with accessory claws: 45 species. 

N. stromi Eroyer (Fig. 721). Length 15 mm.; spread of legs 14 
cm.; ovigerous legs 19 mm. long, stout, slightly hairy: on muddy bottoms. 

N. longitarsa Kroyer. Length 7 ^^ #*w 

mm.; spread of legs 65 mm.; entire ^^^^^\^ '£/ ^^^^ 
animal extremely slender, ovigerous | \: \\ f"*t j 

legs especially so: common from Cape B*i4l J^ 

Cod to Nova Scotia, in from 16 to 115 _ l mmf r] _i\ i _ ^jjwtf , *^i ^ ^^ 
fathoms. ^^^zaS^ ^jj^f ^l^ 00 ^ *\ 

N. grossipes (Fabricius). Length V^ jfAV\ f 

10.5 mm. ; spread of legs 9 cm. ; color ^V I f Sfi i w^^^x 

light yellow, often with purple-banded f \(1 J 

legs; eyes black, on a prominent tu- ^^^ // \ ^f 

bercle; ovigerous legs very slender: ^^^ \^^ 

very common from Long Island Sound JR? FtsSfSfft pSffipLYS; 
to Nova Scotia, in from 12 to 110 %?ffib&£P ,eg: 5 ' OYigeroUB 
fathoms. 

Class 3. TRAOHEATA. 

Air-breathing arthropods with a distinct head and a single pair 
of antennae, which respire through tracheae. 

External Characters.— The more primitive tracheates are worm-like 
animals in which the body is made up of a large number of similar 
segments, without any division into thorax and abdomen; the head, how- 
ever, is always distinctly set off. In the insects, the highest members of 
the group, the body is divided into the three regions, head, thorax, and 
abdomen. The paired appendages in the primitive tracheates occur along 
the entire length of the body, a pair extending from each somite, except 
usually the last one. In the insects, however, as in the Arachnoidea, the 
abdomen is usually not provided with locomotory appendages. The head 
appendages are a pair of antennae, which are preoral in position, a pair 
of mandibles, which have no palps, and in most cases two pairs of maxillae. 
A diagram showing the homologies of the appendages of tracheates and 
the other arthropods is given on page 323. 

The Tracheata are preeminently terrestrial and aerial animals and 
breathe atmospheric air by means of tracheae, which open to the outside 
through pores called spiracles. A very few insects live on the surface of 
the sea and a considerable number of species are found in fresh water; 
in the case of the latter, certain insect larvae breathe water, but most 
aquatic tracheates still breathe the atmospheric air. The class contains 
3 divisions. 
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Key to the divisions of Tracheata: 

a* Body worm-like, with a large number of pairs of legs. 

Ox Body not externally segmented ; animals tropical and subtropical. 

1. Onychophora 

o» Body distinctly segmented 2. Mybiapoda 

a, Body divided into head, thorax, and abdomen ; 3 pairs of legs. . . .3. Insecta 

Division L ONYCHOPHORA.* (Peotracheata.) 

Primitive, worm-like tracheates which combine annelid with traeheate 
characters. The surface of the body does not show segmentation, but is 
annulated, and from its ventral surface projects a series of pairs of short 
annulated appendages, which in the various species may number from 
14 to 43 pairs. The head bears a pair of simple eyes, a pair of segmented 
antennae, a pair of hooked jaws surrounded by a circular lip, and a pair 
of short leg-like oral papillae in which are the apertures of a pair of slime 
glands; the sticky secretion of these glands serves to catch insects and 
spiders. Coxal glands, of which there are as many pairs as legs, are also 
present. On the under surface of each leg also is a conspicuous elongated 
groove which is the opening of a nephridium. The skin is soft and 
thickly beset with papillae. 

The body cavity resembles that of insects in being an extensive blood 
space and not a true coelom. The digestive system consists of a straight 
tube passing from the mouth to the anus at the hinder end of the body ; 
the only digestive glands are a pair of long salivary glands. The heart 
is a long muscular tube with segmental, paired openings. The respiratory 
system consists of bunches of short tracheae, each of which opens through 
a spiracle to the outside, and which are scattered irregularly above and 
between the legs. The excretory system consists of a pair of nephridia at 
the base of each pair of legs. Each nephridium opens into a vesicle 
which is a remnant of the coelom, and externally in the elongated groove 
on the under surface of a leg. The nervous system consists of a dorsal 
brain and of a pair of ventral chords which extend from the brain the 
length of the body and unite behind the anus ; they are joined by numer- 
ous transverse commissures. The sexes are separate, the genital opening 
lying in front of the anus. The gonads are paired, their ducts being 
modified nephridia. Some species are viviparous and some lay eggs. In 
many forms the egg contains much yolk and segments superficially, as is 
the case in insects, while in others it is poor in yolk and segmentation is 
total, and the embryo is enclosed in folds of the uterus and nourished by 
means of a placenta. 

* See "Monographic des Onycbopbores," by E. L. Bouvier, Ann. des ScL Nat., 
Zool., 1907. "The Present Distribution of the Onychophora," etc., by A. H. Clark, 
Smithsonian Misc. Coll., VoL 65, 1915. 
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The Onychophora live under bark and stones and in other damp, 
dark places and feed on insects and other small animals. 

History.— Peripatus was first described in 1825 and classified, because 
of its slug-like appearance, with the mollusks. It was, however, soon after 
placed among the worms and in 1851 was made one of the 
subdivisions of annelids by Grube, to which he gave the 
name Onychophora. Burmeister in 1856 placed the 
group between the annelids and the arthropods, and 
Moseley in 1874 finally demonstrated its relationship to 
the latter group by showing the presence of tracheae. 

The division contains 2 families with about 12 
genera and 75 species, which are found in the Malay 
Peninsula, the East Indies, Australia, New Zealand, Af- 
rica, South and Central America, and the West Indies. <*..- 

Family PEBIPATIDAE. *$:} 

Sexual orifice between the penultimate pair of 
legs; 14 annulations to a somite on the back: tropical 
America; East Indies; tropical Africa; about 5 genera 
and 50 species. 

Peripatus Guilding. Number of pairs of legs from 
23 to 43, but is variable in the same species ; legs with 
4 to 7 spinous pads; feet with 3 to 7 distal papillae; 
eggs minute; embryo with placenta: about 40 species. 

P. (Oroperipatus Cockerell) eiseni* Wheeler (Fig. 
722). Length 40 to 57 mm.; number of pairs of 
legs 23 to 29; color reddish-brown: from Tepie, Mexico, 
to Brazil 

Division 2. MYRLAPODA. t 

Tracheates with a distinct head and a trunk which is made up of a 
large number of similar segments, each of which usually bears one or two 
pairs of jointed appendages. The number of segments may vary from 
eleven in Glomeris land Polyxenus to one hundred and seventy-three in 
certain Geophilidae. The legs end each in a single claw, except in the 
Symphyla, in which each leg has two claws. The appendages of the 
head consist of a pair of segmented antennae, a pair of mandibles, and 
one or two pairs of maxillae. The mandibles are without palps and 

• See "A New Perlpetus from Mexico, •• by W. M. Wheeler, Jour. Morpb., 
.VoL 15, 1899. 

t See "The Myrlapoda of North America/' by H. C. Wood, Jr., Trans. Am. Phil. 
Soc, Vol. 13, p. 137, 1865. "The Classification of the Myrlapoda," by J. S. Kingsley, 
Am. Nat., VoL 22, p. 1118, 1888. "The Myrlapoda of North America," by C. H. 
Bollman, Bull. No. 46, U. S. Nat Mus., 1893. "Myrlapoda," by C. Verhoeff, Bronn'a 
Klaaaen und Ord., etc^ 5 Bd., 11 Abt, 1902-1907. 




Pcripatua eiseni 
(Wheeler). 
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adapted for biting, except in the PolyzonUdae, in which the mouth parts 
are suctorial. The Chilopoda, like the insects, have two pairs of maxillae; 
the other Myriapoda have but one pair. In the Chilopoda, also, the first 
pair of legs project forward beneath the head and are transformed into 
hook-like claws or maxillipeds, each of which has a poison gland. Myria- 
pods possess a pair of eyes, each consisting of a group of ocelli; in 
Scutigera, however, compound eyes are present. The internal organs are 
similar to those of insects. The sexes are separate, the single genital pore 
in the Chilopoda being in the penultimate segment and the paired pores 
of the Diplopoda in the second body segment All Myriapoda lay eggs. 
The young are born as larvae with three pairs of legs in the Pauropoda 
and Diplopoda and six, seven, or more pairs in the Symphyla and Chilo- 
poda; in certain of the latter group the larva possesses las many legs as 
the adult, although they are not all well grown. 

All Myriapoda are terrestrial animals which live in dark, damp places 
and avoid the light. The Chilopoda live on animal and most of the 
Diplopoda on vegetable food. 

History.— Myriapods have been known from time immemorial and 
usually much feared on account of the dangerous bite of certain of them. 
Aristotle mentions both centipeds and millipeds, using the still familiar 
names of Scolopendra and Julus. Both of these names were adopted by 
Linnaeus for his two genera of the animals, which he placed among the 
Insecta apt era. The name Myriapoda was created by Latreille in 1796. 
The animals were, however, retained among the insects until 1814, when 
Leach formed a separate class of them equivalent to the Insecta. The 
career of the group since that time has been a checkered one, having been 
placed by some authors among the Crustacea and by others among the 
Arachnida or the Insecta. Its right to be considered an independent 
group may be said to have been definitely fixed by Newport (1844) and 
Koch (1847). In later years attention has been called to the fact by 
Kingsley,* Verhoeff, and others that the Myriapoda form two groups 
instead of a single one, one of which, the Chilopoda (Latreille 1817), stands 
in close relationship to the insects, while the other, the Progoneata 
(Pocock 1895), occupies an independent position. 

The number of known species of Myriapoda is about 1,000, grouped 
in two orders. 

Key to the orders of Myriapoda: 

Ox Genital pore near forward end; body usually cylindrical, with mostly 

2 pairs of legs to a segment 1. Pbogonrata 

a, Genital pore near hinder end; body flattened, with 1 pair of legs to a 

segment 2. Chxlofoda 

• See "The Classification of the Arthropods," by J. 8. Kingsley, Am. Nat^ Vol. 28. 
pp. 118 and 220, 1804. 
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Order 1. PROGONEATA. 

Body usually cylindrical; usually 2 pairs of legs to a segment; but 
one pair of maxillae ; with anteriorly placed genital pore ; tracheae with- 
out anastomoses and spiracles which cannot be closed: 3 suborders. 

Key to the suborders of Progoneata: 

c, Animals minute ; but 1 pair of legs to a segment 

6 X Antennae not branched 1. Stmphtla 

6, Antennae with 3 terminal branches 2. Paubopoda 

a, Animals not minute ; 2 pairs of legs to most segments ; millipede, 

8. DlPLOPODA 

Suborder 1. SYMPHYLA. 

Minute, colorless myriapods with a flattened body consisting of a 
head and 14 segments, with 12 pairs of legs, each of which terminates 
with 2 claws; projecting from the basal joint of each leg of the 10 hinder 
pairs is a minute movable branch or parapod; antennae long; eyes absent 
or minute; mouth parts consist of a pair of mandibles and a pair of 
maxillae which form a sort of underlip ; a pair of long thick cerci project 
from the hinder end of the body, each of which has a spinning gland; 2 
spiracles present at the base of the antennae; the median, genital pore is 
in the fourth segment ; young born with 6 or 7 pairs of legs : 1 family, 2 
genera, and about 24 species, of which 4 are American, which are active 
animals, found under stones, etc., in moist places. 

Family SCOLOPENDRELLIDAE. 
With the characters of the order : 2 genera. 

1. Soutxge&ella Ryder. Posterior margin of all the dorsal plates 
except the last either convex or emarginate, with 2 lobes; head sharply 




separate from the trunk in the mid-dorsal area; first pair of legs well 
developed and more than half as long as the following pair: 10 species, 
2 in America. 

* See "The Structure, Affinities and Species of Bcolopendrella," by J. A. Ryder, 
Proc. Acad. Nat. Sci., Phlla., for 1881, p. 79. "Bcolopendrella and Its Position in 
Nature," by A. S. Packard, Jr., Am. Nat, Vol. 15, p. 698, 1881. "The Genera and 
Species of the Order Syraphyla," by H. J. Hansen, Quart. Jour. Mlc. Soc, 1903. 
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8. immacnlftta • (Newport) (Fig. 723). The last dorsal plate with 
a very deep, median cavity; second plate deeply emarginate behind; 
antenna with 19 to 50 joints; length up to 7.5 mm.: Massachusetts to 
Texas, in old stumps, under moss, etc.; Europe. 

8. nivea (Scopoli) (S. gratiae Ryder). No deep cavity in the last 
dorsal plate, each segment with a pair of long setae projecting straight 
out from body; second plate with the hinder margin straight or nearly 
so ; length 2.5 mm. : eastern United States ; Europe. 

2. Soolopehdrella Gervais. Posterior margin of all the dorsal 
plates except the last in form of a pair of triangular plates; head not 
sharply separate from the trunk; first pair of legs often rudimentary: 
12 species, 2 American. 

8. texana Hansen. Length 2.8 mm.; antennae with 19 to 22 joints; 
cerci with a few long setae on the lower side, while all the other setae are 
short; last pair of legs with 3 long dorsal setae on the penultimate 
joint and 4 or 5 on the last joint : Austin, Texas. 

8. pusilla Hansen. Length 1.7 mm.; antennae with 14 joints; last 
pair of legs with 2 long dorsal setae on the penultimate joint and 3 on the 
last joint : Austin, Texas. 

Suborder 2. PAUROPODA.f 

Minute myriapods in which the body consists of a head and 12 
segments, the latter being covered in most cases by 6 large dorsal plates 
and bearing 9 pairs of legs, each of which has a single terminal claw; 
each antenna consists of 4 basal segments and 2 terminal branches, 
one of which is larger than the other and ends with 2 flagella and either 
a stalked or a sessile round knob; one pair of maxillae, which form an 
underlip; eyes absent; 4 or 5 pairs of long tactile bristles project from 
the sides of the body; heart and respiratory organs wanting; genital 
pores just behind the second pair of legs, being paired in the male and 
simple in the female; young born with only 3 pairs of legs: 2 families, 
2 genera, and 6 species, 3 being American; they live in woody places, 
under stones, etc. 

Family 1. PAUBOPODIDAE. 

Body elongate and cylindrical, with long legs projecting laterally 
beyond the trunk; color white; each dorsal plate with 2 transverse rows 
of bristles: 1 genus. 

♦ See "Habits and Structure of Scutigerella Immaculate (Newport)," by S, R. 
Williams, Proc. Host. Soc. Nat. Hist., Vol. 33, p. 461, 1907. 

t See "A New Genus of Minute Pauropod Myriapods," by J. H. Ryder, Am. Nat, 
Vol. 13, p. 603, 1S79. "The Morphology and Classification of the Pauropoda," by 
F. C. Kenjon, Tufts College Studies, No. 4, p. 77, 1895. 
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Paubopus Lubbock. With the characters above given: 2 species, 
1 American. 

P. huxleyi Lub. (P. lubbocki Packard) (Fig. 
724). Terminal knob of antenna sessile or nearly 
so; length 1.3 mm.; width .35 mm.: Europe and 
eastern and central United States. 

Family 2. EURYPAUBOPODIDAE. 

Segmentation indistinct; 9 pairs of legs pres- 
ent; body very wide and flat, 
and tuberculate and spinose 
dorsally, with the head and the 
Short legs concealed under it; 
color reddish ; antennal knob on 
a long stalk: 1 genus and 3 
species, 1 American. 

Eurypauropus Ryder. 
With the characters above 
given. 

E. spinosus Ryder (Fig. 725). 





Fig. 724 — Pauropus 
huxleyi (Kenyon). 



Length 1.25 mm. ; 



Fig. 725 

Bupouropus spinosua 

(Kenyon). 



width .5 mm. 
Europe. 



eastern and central United States; 



Suborder 3. DIPLOPODA. (Chilognatha.) 

The millipeds (Fig. 726). Usually elongate and cylindrical myria- 
pods with 2 pairs of legs on most of the segments; with the exception 
of the first few and the last segments, each 
has been formed by the fusion of 2 somites, 
thus possessing 4 legs, 2 ganglia, 2 pairs of 
spiracles, and 2 pairs of openings in the 
heart ; antennae short, mostly 7-jointed ; but 
one pair of maxillae present, which are 
united to form an underlip called the gna- 
thochilarium ; an upper lip present in front 
of the mouth; integument often hard, con- 
taining calcium carbonate ; legs of each pair 
spring from the ventral surface close to- 
gether and near each leg is a spiracle ; a row 
of the openings of stink glands usually pres- 
ent along the side of the body, which secrete an offensive gas, which in 
certain cases is hydrocyanic acid; tracheae of primitive structure, each 
spiracle opening into a bunch of usually unbranched tubes; gonads usu- 




Fig. 726 — Diagram of the 
front end of a dlplopod (Polu- 
(Latzel). 1, female 



desmus) 

genital pore 
orsal plate. 



2, intestine; 3, 
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ally unpaired and in the hinder part of the body ; the paired ducts leading 

to two openings in the second body segment ; one or both pairs of legs in 

the seventh segment usually modified in structure in the male to serve as 

copulatory organs; the young larvae with but 3 pairs of legs and few 

segments: about 8 families and 125 American species, which are usually 

sluggish animals living under stones and in other dark, moist places, 

and feeding on decaying vegetable and animal matter, but also in some 

cases on living roots and thus often proving destructive in gardens. 

Key to the families of Diplopoda here described: 

a, Anus in terminal segment ; maxillae forming a plate ; integument hard ; 
copulatory feet present. 
b x Mouth parts suctorial and more or less like a proboscis. . . .1. Polyzonhdaz 
6, Mouth parts not suctorial 
e x Segments 30 or more in number. 
(^ Both pairs of legs on seventh segment of male copulatory* 
d Stink glands present ; anal segment rounded or produced into a spine. 

2. Juudae 
e% Stink glands absent; anal segment usually elongated into 2 slender 

papillae 3. Craspedosoiudax 

<Z» Anterior pair of legs only on seventh segment of male copulatory. 

4. Ltsiofetaudae 
o, Segments 20 or 21; anterior pair of legs on seventh segment copu- 
latory 5. POLYDESlflDAE 

a, Anus on the penultimate segment ; maxillae leg-like ; integument soft, 

with bunches of hairs; copulatory feet absent 6. Polyxxnidae 

Family 1. POLYZONIIDAE. 

Body elongate, with a hard integument, and wide and more or less 
flattened, consisting of from 30 to 100 or more segments; mouth parts 
more or less rudimentary and prolonged to form a suctorial proboscis; 
row of stink glands on each side; both pairs of legs on the seventh 
segment copulatory : 4 American genera with about 5 species, all of which 
can roll themselves together so as to form a ball. 

Polyzokittm Brandt. First dorsal plate rounded in front and pro- 
jecting to the base of the antennae, concealing nearly all of the ocelli, 
which are 2 to 4 in number; antennae close together; legs very short, 
the third segment being without them: 1 American species. 

P. rosalbum (Cope). Color reddish-brown above, paler posteriorly 
and along the margins; antennae very dark, with 6 joints; 39 to 53 
segments: central states, often common. 

Family 2. JTJLIDAE. 

Body elongate, cylindrical, and with a hard integument, consisting 

of from 30 to 70 segments, the double pairs of legs beginning on the 

fifth ; antennae on the sides of the head ; both pairs of legs on the seventh 

segment of males copulatory ; a row of stink glands on each side of the 
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body; third segment usually legless: 7 American genera and about 50 

species, all of which can roll themselves together. 

Key to the genera of Julidae here described : 

d! Third segment without legs. 
6 X Mandibular teeth 4. 

c x Only the ventral plates of the first 2 segments- free 1. Julus 

c, All the ventral plates free 2. Nemasoma 

ft, Mandibular teeth 10 3. Pabajulus 

a, Third segment with legs. 

&! All 4 anterior segments with legs 4. Spibobolus 

ft. Fourth segment without legs 5. Ca 




1. Jttltjb L. Eyes, if present, composed of a number of ocelli; 
third segment without legs; first pair of legs of male 3-jointed, very 
small; antennae delicate; copulatory legs of male usually hidden; only 
the ventral plates of first segments free; mandibular teeth 
4: about 10 American species. 

J. virgatus Wood (Fig. 727). Body yellowish-brown, 58tSfS 
with a median and 2 lateral bands ; eyes distant, composed 
of 25 to 40 ocelli on a side ; segments 30 to 35 ; legs 50 to 
65 pairs; last segment rounded; length 12 mm.; width 1 juSufvUvatu§ 
mm. : common all over the country, especially in meadows bo^fwood)' 
and gardens. 

J. venustus Wood. Color reddish-chestnut, lighter in young speci- 
mens; segments 52 with usually two black dots on each side of each 
segment; last segment mucronate; length 2 cm.: common in eastern and 
central states. 

2. Nekasoxa Koch. Similar to Julus, but all the ventral plates 
free: 2 American species. 

N. minutum (Brandt). Body brown, with a lateral row of ovate 
black spots in each side, composed of 35 to 45 segments, 12 mm. long, 
.8 mm. wide; feet pale, not extending beyond the body; eyes distinct, 
with a dark band between them and with 8 or 9 ocelli on a side : common 
in eastern and central states. 

3. Pahajuxus Humbert and Saussure. Eyes composed of numerous 
ocelli; third segment without legs, second pair very small; first pair 
in males 6-jointed; mandibular teeth 10; number of segments 40 to 
70, last segment more or less prolonged into a spine: 13 American 
species. 

P. impress** (Say). Body not hairy, chestnut brown, with a mid- 
dorsal line and 2 lateral rows of black spots and composed of 45 to 55 
segments, 32 mm. long and 2 mm. wide; 70 to 90 pairs of feet, sparsely 
hairy; the first pair very large; ocelli 40 to 60 on a side; terminal spine 
short: central and eastern states. 
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P. pennsylvaniciu (Brandt). Body rough and hairy, dark brown, 
with a mid-dorsal line and 2 lateral rows of black spots, composed of 
55 to 65 segments, 38 mm. long, 2 mm. wide; 100 to 112 pairs of pale 
feet, densely hairy, first pair large; ocelli 40 to 70 on a side; ter- 
minal spine small: common in the central and eastern 
states. 

P. canadengia (Newport) (Fig. 728). Body not 

hairy, very dark brown, with 2 lateral rows of yellow 

m spots, composed of 56 segments, 25 mm. long, 1.5 mm. 

Pa ™£en*L wtei 86 to 93 pairs of very pale feet, sparsely hairy; 

bod^fwood)' ^ erm ^ ns ^ spine large, round, and curved; ocelli 43 to 50: 

northeastern states and Canada. 

4. SprjtOBOLUB Brandt. All anterior segments with legs; mandibu- 
lar teeth 10; antennae short and thick: about 12 American species, 
chiefly in the southern states and California. 

8. marginatna (Say) (Fig. 729). Body dark brown 
with a reddish ring on each segment, smaller specimens 
greenish; feet and antennae reddish; composed of 53 to 
57 segments ; 10 cm. or less long and 1 cm. wide ; 88 to 100 
pairs of feet, extending beyond the sides of the body; 
eyes indistinct, composed of 30 to 40 ocelli on a side; 
antennae short, not reaching the hinder border of the first 
segment: common in the eastern and central states. 

5. Oambala Gray. Each eye composed of a single 
row of 4 to 6 ocelli; fourth segment without legs; first 
pair in males 6-jointed; mandibular teeth 6 or 7; number 
of segments 50 to 65 ; last segment rounded ; dorsal plates n*. 729 
of segments with sharp, parallel ridges: 1 species. "S^S' 11 * 

0. annulata (Say). Body long and slender; color 
yellowish-brown, with 2 lateral rows of dark brown spots; 70 to 112 
pairs of legs; length 38 mm.; width 2 mm.: common in the eastern and 
central states. 

Family 3. CRASPEDOSOIODAE. 

Like the Julidae, but without stink glands and with the terminal 
segment elongated into 2 slender papillae: 6 American genera with 
about 15 species. 

Oaxpodes Koch. Anterior pair of legs on eighth as well as both pairs 
on seventh segment copulatory; body covered with fine hairs: 1 species. 

0. flavicornis Koch. Body yellowish-brown, with a light mid-dorsal 
line with darker spots, with about 30 segments, and 15 mm. long; eyes 
triangular and prominent; antennae slender and long: often common 
in the eastern and central states. 
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Family 4. LYSIOPETALIDAE. # 

like the Julidae, but with the first pair of legs only of the seventh 
segment copulatory: 1 American genus. 

Lysiopztaluk Brandt. Body long and slender, tapering gradually 
to the hinder end; seventh antennal joint conical and very short: 1 
American species; several in Europe. 

L. lactarium (Say) (Fig. 730). Body with about 
60 segments and 115 pairs of legs, yellowish-brown 
in color with mottled darker spots and bands; eyes 
with 40 ocelli connected by a black band; length 35 * 

mm.; width 2 mm.: common throughout the eastern 
and central states. 

Family 5. POLYDESMIDAE. 

(Fig. 726). Body more or less elongate, broad 
and flattened, and with a hard integument, composed 
of 19 or 20 segments and with 28 to 31 pairs of legs ; B 

the dorsal plate of each segment prolonged laterally pe tahtm S i^tarium 
on each side to form a conspicuous wing; eyes absent; B W °Mn'd ^end^or 
antennae long; a row of stink glands on each side, b(M, y- 
usually with a swelling around each ; anterior pair of 
legs only copulatory on seventh segment of male: 9 American genera 
with about 50 species, all of which can roll themselves together. 

Key to the genera of Polydesmidae here described: 

a, Basal portion of leg without spines. 
6j Anal segment pointed behind. 
Oj Dorsal plates flat 
d x Each stink pore surrounded by a long, oval swelling; each segment 

with 2 or 3 transverse rows of tubercles 1. Polydesmus 

d\ Each stink pore surrounded by a round swelling; each segment with 

4 or 5 rows of tubercles • 2. Scytonotus 

c % Dorsal plates convex and smooth 3. Leptodesmus 

6, Anal "segment quadrate and smooth, or nearly so 4. Eubyubus 

a* Basal portion of legs with spines 5. Fontabia 

1. Polydesmus Latreille. Male with 30, female with 31 pairs of 
legs; each segment with 2 or 3 transverse rows of distinct tubercles; each 
stink pore surrounded by an elongated swelling; lateral plates large and 
horizontal in position: 9 American species. 

P. serratus Say (P. canadensis Newport). Body brown, often red- 
dish in color, about 37 mm. long; each dorsal plate with 2 rows of 4 
rectangular tubercles in each; terminal spine of male copulatory ap- 
pendage hook-shaped: common in the eastern and central states. 

* See "A Revision of the Lyslopetalldae," by A. S. Packard, Proc. Am. Phil. Soc. f 
Vol. 21, p. 177. 
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Fig. 781 

Polydesmus 

moniliaris 

(Wood). 



P. moniliaria Koch (P. serratus Wood) (Fig. 731). Body deep 

brown, about 20 mm. long; each dorsal plate with 3 rows of rectangular 

tubercles; terminal spine of male copulatory leg double: eastern states. 

2. SOTTOHOTTTS Koch. Each segment with 4 or 5 rows 

of tubercles; each stink pore surrounded by a round 

swelling: 3 American species. 

S. granulatus (Say). Body brown, about 12 mm. 
long; lateral plates not large: eastern and central states; 
common. 

S. LSPT0DS8XTX8 Saussure. Dorsal plates without 
tubercles and more or less convex, the body being rather 
narrow: 8 American species. 

L. hispidipes (Wood). Color dark olive brown, some- 
times with yellowish spots and a mid-dorsal black line; 
legs roughened, with closely set, stiff hairs; genital ap- 
pendages of male short and thick, with a curved, hairy 
terminal spine: central states, being abundant towards 
the south. 

4. Eubytoto Koch. Dorsal plates smooth or with indistinct tuber- 
cles ; anal segment quadrate and not sharp behind : 2 American species. 

E. erythropygus Brandt (Fig. 732). Body 28 mm. long and 3.5 
mm. wide, olive chestnut in color, with a median and a pair of lateral 
orange spots on each segment; terminal spine of 
male copulatory appendage curved, and forked at 
the end: common in the central states. 

5. Fowta&xa Gray. Basal portion of the legs 
with spines; dorsal plates convex, with large lateral 
plates: 20 American species. 

P. virginiensis (Drury) (Fig. 733). Body chest- 
nut in color with lateral plates of yellow; lateral 
plates rounded in front, acute behind; terminal 
spine of male copulatory appendage curved and 
forked at the end and with a bristle springing from 
it: common in the central states. 

P. coriacaa Koch. Body dark chestnut with a yellowish border on 
each side; lateral plates very broad; terminal spine of male copulatory 
appendage large and with a corkscrew twist: often common in the 
central states. 




Fig. 733 



Fig. 732 — Ewyuru$ 

erythropygus 

(Wood). 

Fig. 733— Fontaria 

virginiensi* 

(Wood). 



Family 6. POLYXENIDAE. 

Body minute, short, broad, with a soft integument, and a bunch of 
hairs on each side segment; the mandibles are entirely within the mouth 
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and the maxillae are leg-like; body with 11 segments with 13 pairs of 
legs; eyes present; no stink glands; no copulatory feet in the male; 
anus in penultimate segment: 1 genus. 

Polyxeots Latreille. With characters given above: 1 species, 
which cannot roll itself together. 

P. fasdcnlatns Say. Length 2.5 mm.; color pale brown; head broad, 
partly covered with hairs, with small eyes, and short thick antennae; 
feet white: under stones and bark; the southern states; Long Island; 
not common.^ 

Obdkr 2. 0HILOPODA.+ 

The centipeds (Fig. 734). Elongate and flattened myriapods with 
one pair of legs on a segment, Scutigera forming an apparent exception; 
number of leg-bearing segments varies from 
15 (Lithobius, Scutigera) to 173 (Geophili- 
dae) ; antennae long and at least 12- jointed; 
2 pairs of maxillae present, the first pair not 
being united, the second being prominent 
palp-like structures, the basal parts of which 
are joined in the median line; a paired upper 
lip in front of the mandibles; legs usually 
long, those of each pair being widely sep- 
arated from each other on the ventral sur- 
face; the first pair modified to form a pair ^JStf^^tf* 
of hook-like jaws called the maxillipeds, Jg^)^taJ Sggfttfj 
which project forwards beneath the head and %J^ ££$£'• 5 * flr8t '**' ° n 
are prehensile organs, each being provided 

with a poison gland ; the broad bases of the maxillipeds are joined in the 
middle line to form a lower lip; tracheae similar to those of insects, 
consisting of branching and usually anastomosing trunks, the spiracles 
being situated on the side of the body on certain of the segments; genital 
glands open to the outside in the penultimate segment ; the young animals 
possess all their legs at birth in the Geophilidae and Scolopendridae, and 
7 pairs in the IAthobiidae and Scutigeridae: about 800 species, which are 
active animals feeding on live animals and killing their prey with the 
poison of the maxillipeds; certain of the tropical Scolopendridae can inflict 
a wound which is dangerous to man; 4 families. 

• See "The Chllopoda of California/* by R. V. Chamberlain, Pomona Jour. Ent., 
Vol. 4, 1912. ''Notes on Geopbiloldea from Iowa/* etc., by same, Canad. Bnt, Vol. 44, 
1912. "The Geopbiloldea of the Southeastern States/* by same, Bull. Mus. Comp. 
Zool., Vol. 54, 1912. "The North American Chllopoda and Diplopods/* by same, Ann. 
Ent. Soc. Am., Vol. 5, 1912. 
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Key to the families of Chilopoda: 
a x Dorsal plates 15 or more. 
6 t Pairs of legs 21 or more. 

c x Pairs of legs 31 or more ; no eyes 1. Geophilida* 

c, Pairs of legs 21 or 23 2. Soolopendbidak 

6, Pairs of legs 15 3. Ltthobudaje 

a % Dorsal plates 8 ; 15 pairs of very long legs 4. Scutigesidae 

Family 1. GEOPHILIDAE. 
Body very long and slender, with 31 to 173 segments, each composed 
of 2 unequal subsegments, with an equal number of pairs of legs and 
ventral plates; number of pairs of spiracles usually 2 less than the pairs 
of legs ; antennae 14-jointed ; eyes absent ; young born with the full number 
of legs; habits relatively sluggish : about 5 American genera and 50 species, 

1. Geophilus Leach. Number of segments 31 to 93; first pair of 
maxillae with a pair of palp-like projections; dorsal plates with 2 longi- 
tudinal grooves: about 20 American species. 

G. rubens Say (G. cephalicus Wood). Body wide, especially the 
head, about 45 mm. long, with 47 to 53 pairs of legs; color orange 
anteriorly, dark olive over a greater part of the body, with a broad, 
double, black median line; last ventral plate wide; anal legs hardly 
longer than the others: common throughout the eastern and central 
states. 

G. umbraticns (McNeill). Pairs of legs 49, with long hairs, the 
anal legs being slender and but little modified; color light orange in 
front and behind and fuscous between; body hairy above; length 21 mm: 
central states, often very common. 

2. LnroTJBKiA Koch. Number of segments 39 to 70; head very 
small; first pair of maxillae without palp-like projections and with the 
exterior part 2-jointed ; anal legs 6-jointed ; claw of prehensile legs with 
a basal tooth: 13 American species. 

L. fnlva (Sager). Body smooth, about 20 mm. long, tapering ante- 
riorly, and with 47 pairs of legs, yellowish-orange in color; antennae 
thread-like; basal joint of last pair of legs in male much thickened: 
central states, often common. 

L. ruber (Bollman). Body about 35 mm. long and 2 mm. wide, 
with 67 to 73 pairs of legs; color bright red in life, yellowish in alcohol; 
first pair of legs shorter than the second ; last pair not much longer than 
the first and thickened: central states, often common. 

Family 2. SCOLOPENDRIDAE. 
Body elongate, with either 21 or 23 segments and an equal number 
of pairs of legs and ventral plates; number of spiracles 9, 10, or 11; 
antennae with 17 to 31 joints; eyes, when present, consist of 4 ocelli each; 
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young born with the full number of legs: active animals found chiefly in 
the warmer parts of the earth, where certain species attain great size and 
are dangerous to man, although it seems doubtful if the bite of any of 
them is fatal; 5 American genera and about 20 species. The largest 
known centiped is Scolopendra gigantea L., which attains a length of 27 
cm. or more, and is found in the East Indies. 

Key to the genera of Scolopendridae here described: 
a, Pairs of legs 21. 

b x Eyes present 1. Scolopendra 

b t Eyes absent. 

o x Anal legs not thick 2. Cbtptops 

c, Anal legs very thick and short 3. Theatops 

a % Pairs of legs 23 4. Soolopocbyptops 

1. SOOLOPEVDBA L. Number of pairs of 
legs 21 ; 9 pairs of slit-like spiracles ; 4 ocelli on • 
each side ; dorsal plate of head heart-shaped and 
extending back over the first segmental plate: 
over 50 species, about 10 American, which are 
found principally in the south. 

8. morsitans L. Body 65 mm. and more 
long and greenish in color; antennae green; 
lateral edges dark green; legs short, not longer 
than the 3 terminal body segments '..cosmopoli- 
tan; rather southerly in America. 

8. heros Girard (S. castaniceps Wood) (Fig. 
735). Body 10 cm. long or more, yellow and 
green in color ; antennae 25-jointed ; penultimate 
joints of legs armed with spines; first dorsal 
plate with a transverse suture; anal legs long, 
with 17 to 25 spines: Mexico and the southern 
states, extending north to Kentucky. 

2. Oryptops Leach. Number of pairs of 
legs 21; flT pairs of slit-like spiracles; antennae 
17-jointed ; eyes absent ; anal legs not thickened : 
over 20 species, 1 or 2 being American. 

0. hyalina Say. Body about 15 mm. long, 
smooth and very flat, with reddish-brown head 
and 2 black internal longitudinal lines: eastern 
and central states, north to New Jersey and 
Indiana, often common. 

3. Theatops Newport. Similar to Cryptops but with the anal legs 
very thick and short and with the last dorsal plate twice as large as the 
preceding: 2 American species. 




Fig. 735 — Scolopen- 
dra hero* (Wood). 
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T. postica (Say) (Fig. 736). Body about 45 mm. long, reddish in 
color; anal legs close together and parallel, with the tips crossing, their 
basal position without spines: eastern and central states, north to 
Virginia and Illinois, often very common. 

4. Soolopooktptops Newport. Number of legs 23; 
10 or 11 pairs of spiracles; eyes absent; cephalic dorsal 
plate extends back over the first segment, which has no 
transverse suture; antennae 17-jointed: 4 American 
species. 

8. sexspinosa (Say). Body 65 mm. long, reddish in 
*£££ color; feet yellow; antennae yellow and hairy; basal por- 

?*SS tion of anal legs with 2 large spines (inner one sometimes 

atrophied in northern specimens) ; cephalic plate mar- 
ginate; anterior margin of the lower lip (basal portion 
of maxillipeds) nearly straight, not toothed : entire United 
States, often very common. 



Theafopi 
Hog (Wood) 



736 

8P08- 



Faioly 3. LITHOBUDAE. 

Body with 15 leg-bearing segments, of which 9 are large and 6 
(segments 2, 4, 6, 9, 11, and 13) small, the anterior segment bearing the 
maxillipeds and the anal segment being without appendages; with 15 
pairs of legs, in the coxae of the last 4 pairs of 
which are the openings of coxal glands; eyes com- 
posed of usually many ocelli; maxillary palp 
3-jointed; young born with 7 pairs of legs: 10 
genera, with about 250 species, about 50 species 
being American. 

LlTHOBnrs Leach. Spiracles on segments 3, 5, 
8, 10, 12, 14, and sometimes also 1 ; coxa of maxilli- 
peds with 2 to 8 teeth on each side; antennae with 
usually 20 to 50 joints: over 200 species, about 47 
American. 

L. forficatus (L.) (Fig. 737). Body about 28 
mm. long, anal legs 10 mm. long; color brownish or 
yellowish; antennae half as long as the body, with 
33 to 43 joints; ocelli 23 to 48 in number; posterior angles of dorsal 
plates 9, 11, 13 elongated: the entire country; Europe; South America; 
often very common. 

L. multidentatus Newport (Fig. 738). Body about 25 mm.; anal 
legs 10 mm. long; color brown; antennae short, with 19 to 23 joints; 
ocelli 27 to 35 in number; posterior angles of dorsal plates 6, 7, 9, 11, 13 
elongated: eastern and central states; common. 




Pig. 737 Fig. 738 

Fig. 737— Lithobius 

forficatus ( Wood; . 

Fig. 738— Uthooius 

multidentatus 

(Wood). 
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Family 4. SCUTIGEBIDAE. 

Body relatively short, consisting of about 15 segments, the dorsal 
surface of which is covered by 8 large plates; 15 ven- 
tral plates and 15 pairs of very long legs, the last pair 
being longer than the body and used as anal feelers; 
antennae and maxillary palps very long; eyes large 
and composite; spiracles a row of 7 mid-dorsal slits; 
young born with 7 pairs of legs: 13 genera and 30 
species, 2 being American, which are found in damp 
places in houses, especially in cellars, where they feed 
on cockroaches and other insects. 

Sctttigeba Lamarck. With the characters above 
given. 

8. forceps (Rafinesque) (Fig. 739). Body about 
25 mm. long, light brown in color, with 3 longitudinal 
dark stripes; last pair of legs 50 mm. long: western 
and central states, very common towards the south; in New England 
as far north as Boston. 




Fig. 730— BcuH- 

gera forceps 

(Wood). 
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PHYLUM 6. 
MOLLUSCA.* 

Bilaterally symmetrical, unsegmented animals in which the body is 
usually encased in a calcareous shell, and is made up of four parts, the 

visceral mass, the head, the mantle, 
and the foot (Fig. 740). 

External Structure.— The vis- 
ceral mass (1), which forms the 
greater part of the body, contains 
the viscera, closely compacted to- 
gether. At its anterior end is the head 
(13), with the mouth and the most 
important organs of special sense, and 
from its dorsal side the mantle falls 
as an extensive in tegumental fold 
over its sides and more or less com- 
pletely envelopes it (2), while from 
its ventral side extends the foot 
(11), a muscular mass by means of 
which the animal moves. 

In the pelecypods and scapho- 
pods the head is wanting, the mouth 
being at the forward end of the 
visceral mass. In the same ani- 
mals also the mantle is a double 
fold, one half falling to the right 
and the other to the left of the 




Fig. 740 — Diagrams of the types of 
molhiBcan structure JHertwig). A, the 
cephalopod type ; B, the gastropod type ; 
C, pelecypod type. 1, visceral mass ; 2, 
shell and mantle; 3, mantle cavity; 
4, anus ; 5, . siphon ; 6, visceral gan- 
glion ; 7, pedal ganglion ; 8, arms on 
head ; 9, mouth ; 10, cerebral ganglion ; 
11, foot; 12, tentacles; 13, head. 

• See "Manual of Concbology," by G. W. Tryon and H. A. Pilsbry, Philadelphia, 
1878 to date. "Manual de Conchologie," etc., by P. Fischer, Paris, 1880-1887. 
"Structural and Systematic Conchology," by G. W. Tryon, Jr., 1882. "Mollusca," 
by J. S. Kingsley, Stand. Nat Hist., Vol. 1, 1888. "A Preliminary Catalogue of the 
Shell-bearing Mollusks," etc., by W. H. Dall, Bull. No. 37, U. S. Nat Mus., 1889. 
"Mollusca," by H. Simroth, Bronn's Kl. u. Ord., Vol. 3, 1892 to date. "Mollusks," 
by A. H. Cooke, Camb. Nat. Hist, Vol. 3, 1895. "Molluskan Fauna of Philadelphia," 
by M. Schick, Nautilus, Vol. 8, p. 133, 1895. "Molluscan Fauna of Western New 
York," by F. C. Baker, Trans. Acad. Sci., St. Louis, Vol. 8, p. 71, 1898. "West Amer- 
ican Shells," by J. Keep, San Francisco, 1904. "Mollusca," by Paul Pelseneer in "A 
Treatise on Zoology," edited by B. R. Lankester, 1906. "The Shell-book," by Julia E. 
Rogers, 1909. "A Biological Survey of Woods Hole and Vicinity," by F. B. Sumner 
and others, Bull. Bur. Fish., Vol. 31, 1911. 
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visceral mass; in other mollusks, on the other hand, the mantle is a 
single fold covering the visceral mass on all sides as a thimble covers 
the finger. 

The outer surface of the mantle secretes the shell, which may be 
regarded as the cuticula and is usually charged with calcium carbonate, 
while the space between the mantle and the visceral mass is called the 
mantle cavity (3). This space is important in that it contains the 
gills, and that the digestive, excretory, and reproductive organs usually 
empty their products into it. A mantle is wanting in many mollusks, 
which are also without a shell. Other mollusks which have a mantle 
may lack the shell; in many slugs and also in the squids the shell is 
buried in a pocket of the mantle and is not on the surface. The shell 
thus takes the form of the mantle, and may be bivalved or univalved, 





Fig. 741 



Fig. 742 



Fig. 741 — Diagrammatic cross sections of gastropods. A, a prosobranch with 
epipodla; B, an oplsthobranch with parapodia (l^ang). 1, shell; 2, visceral mass; 
3, foot ; 4, gill ; 5, epipodium ; 6, parapodlum. Fig. 742 — The mouth and pharynx 
with the radula of a snail (Lang). 1, pharynx ; 2, radula ; 3, Jaw; 4, mouth; 
6, tongue ; 6, opening of saUvary glands ; 7, oesophagus. 

and spiral or cone-shaped. The shell is usually composed of three 
layers, the inner mother-of-pearl layer which is secreted by the general 
surface of the mantle, and the middle columnar and outer periostracal 
layers which are secreted by its lower margin. 

The foot is flat and used for creeping by the chitons, gastropods, 
and a few pelecypods, this probably being its primitive form and use. 
It may have a variety of forms in other mollusks and the following 
divisions may in certain cases be distinguished in it: the propodium or 
forward and the metapodium or hinder portion, the parapodia or lobe- 
like extensions of the sole (Fig. 741, 6), and the epipodium, a ridge 
along the side (Fig. 741,5). 

Internal Structure.— Correlated with the compactness of the visceral 
mass is the small extent of the ccelom, which is usually confined to the 
pericardial space and the cavities of the gonads. The mouth opens 
into a muscular pharynx (Fig. 742) in all mollusks except pelecypods, 
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which contains a rasping organ called the radula: an oesophagus, a 
stomach with a large liver, and an intestine form the remainder of the 
alimentary canal. The radula (Fig. 742,2) is a chitinous ribbon set 
with minute calcareous teeth in regular longitudinal and transverse 
rows which works over a muscular tongue. The teeth vary in number 
from one in Chcetoderma to thousands in many snails and are often of 
great importance in classification, inasmuch as in each species they 
have usually a characteristic arrangement and shape. In each trans- 
verse row there is typically a single central tooth, on each side of 
which are one or more laterals, and at the side of these, one or more 
marginals (Fig. 830). The respiratory system consists typically of a 
pair of ctenidia, or comb-shaped gills in the mantle cavity (Fig. 821, A). 
They are modified in various ways among the different mollusks and in 
pulmonate snails, nudibranchs, and some others, are wanting, respira- 
tion being performed by lungs or by other organs. The circulatory 
system consists of a heart, arteries which distribute the blood to lacunar 
spaces in the tissues, and veins which take it from these spaces to the 
kidneys and respiratory organs and thence to the heart. The heart con- 
sists typically of a muscular ventricle (Fig. 821,3), which drives the 
blood through the arteries (4), and one or two pair of auricles (2), which 
receive it from the gills. Snails with but one gill or lung have also but 
one auricle. The heart thus always contains arterial blood. The ex- 
cretory system consists typically of paired sac-like kidneys (nephridia) 
which open into the mantle cavity at their hinder ends (Fig. 746,14) 
and into the pericardial space (the coelom) at the forward. The nervous 
system contains four principal pairs of ganglia with nerves joining 
them. These are the cerebral ganglia (Fig. 740, 10), just above the 
oesophagus, which form the brain, the pedal (7), the visceral (6), and 
the pleural ganglia. The cerebral ganglia are joined with the pedal and 
visceral ganglia by nerve connectives; in gastropods the pleural ganglia 
lie in the course of the cerebro-visceral connectives; in pelecypods they 
are joined with the cerebral and in cephalopods with the visceral 
ganglia. 

The most important special sense organs consist of camera-obscura 
eyes and tentacles usually on the head, but in the pelecypods in the edge 
of the mantle when present, lithocysts in the foot, and osphradia, organs 
of taste or smell, near the base of the gills. 

The gonad is single in all mollusks except the pelecypods and 
Solenogastres, in which it is paired; the ducts leading from the gonad 
open usually into the mantle cavity, and are either paired or single. 
The sexes are usually separate, although numerous hermaphrodites 
(pulmonates, opisthobranchs) occur. The young animal in most 
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cases goes through a metamorphosis after birth, the characteristic 
molluscan larva being called the veliger larva. A few mollusks are 
viviparous. 

Distribution and Habits.— The majority of mollusks are aquatic 
animals, most of them living in the sea. Many species live in fresh 
water and many have become terrestrial animals, although the latter 
usually require a moist environment. The pelecypods, which have no 
radula, feed on minute organisms suspended in the water. The majority 
of the mollusks with a radula feed on vegetal substances; all the cepha- 
lopods, however/ and very many gastropods are predacious animals and 
a few of the latter are parasitic. The cephalopods are active and power- 
ful beasts of prey and include among their number the largest and most 
highly developed invertebrate animals. 

Hist on/.— Although mollusks have been well known from the earliest 
times on account of their conspicuous shells, it was not until the time of 
Cuvier that the foundation of the modern classification was laid. Guided 
by his own extensive anatomical studies and those of Poli and other con- 
temporaries, Cuvier, in 1795, subdivided the class into the three orders of 
Cephalopoda, Gasteropoda, and Acephala, which is the foundation of their 
modern arrangement. Linnaeus had made the mollusks one of his four 
subdivisions of Vermes, including among them only the slugs, squids, octo- 
pods, and other soft, shell-less animals. The shell-bearing mollusks he 
included in the class Testacea, which he subdivided into Bivalvia, Univalvia, 
and Multivalvia. 

The first students of mollusks in America, as elsewhere, were the col- 
lectors of shells. The first scientific descriptions of importance were pub- 
lished by Thomas Say in 1817, who between that date and 1834, when he 
died, described a large number of species. C. S. Rafinesque, during almost 
the same period, also described large numbers of species, especially of 
fresh-water and land mollusks. It was by these two men and certain of their 
contemporaries and immediate followers, notably T. A. Conrad and Isaac 
Lea, that the foundations of the present knowledge of American mollusks 
were laid. Of the many students of mollusks of the middle of the century 
Gould, Stimpson, and A. and W. G. Binney are especially to be mentioned. 
Of late years especially noteworthy is the publication by the Academy 
of Natural Sciences in Philadelphia of the Manual of Conchology, a 
monographic work in many volumes which will cover the entire field. It 
was begun in 1878 by G. W. Tryon and is being continued by H. A. 
Pilsbry. 

The phylum Mollusca contains over 60,000 living species and a very 
large number of fossil ones, it being the largest phylum of animals except 
the Arthropoda: they are grouped in 5 classes. 
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Key to the classes of Mollusca: 

Ox No distinct head present 
&t Shell when present not bivalve. 

Cj Body either naked or with shell consisting of 8 plates 1. Amphikeura 

c, Cylindrical shell present , /» .2. Scaphopoda 

b t Bivalve shell present (J) Pklecypoda 

a % Distinct head present / - ^ 

6 t Head with 1 or 2 pairs of tentacles; shell coiled or conicj^v Gastropoda 
6, Head with long arms A57Cephaix>poda 

Glass 1. AMPHINEURA.* 

Bilaterally symmetrical mollusks, worm-like in appearance and with 
usually an inconspicuous head. The mouth is at the forward and the anus 
at the hinder end of the body, and on either side are the gills and the 
nephridial pores. The mantle is not extensively developed but consists 
of a slight fold extending from the sides and the hinder end of the body, 
enclosing a narrow mantle cavity (Fig. 746, 5). The integument of the 
back is thick and contains calcareous spicules or is covered with scale- 
like plates. A radula is usually present. The nervous system (Fig. 745) 
is very primitive in form, consisting of an oesophageal ring and four 
longitudinal nerves, two pedal, which innervate the foot, and two pallial, 
which pass along the mantle furrow; these may or may not contain 
definite ganglia. 

History.— The class Amphineura was formed in 1877 by von Ihering, 
who maintained, as Huxley and Leuckart had already done, that Chiton 
was related to Chcetoderma, which, until then, had been placed among the 
Gephyrea, and to Neomenia, whose position in the system had been very 
uncertain, but he placed the new class among the worms. Chiton was first 
studied by Cuvier, although it had been long known, who placed it beside 
Patella among the Prosobranchiata, where it remained almost down to the 
present day. Gegenbaur in 1878 erected the group Solenogastres, which he 
placed among the worms. In 1881 Spengel brought the Amphineura of 
von Ihering among the Mollusca, where they have since remained as their 
most primitive representatives. The modern arrangement of the group 
is due largely to Pilsbry and Simroth. 

The Amphineura are all marine, living in most cases on the bottom, 
near the shore, or in moderate depths. The class contains two orders, 
with about 630 species. 

Key to the orders of Amphineura: 

Ox No shell present 1. Aplaoophoia 

o, Shell present 2. Poltplaoophoba 

• "Amphineura," by H. Slmrotb, Bronn's Klaus, n. Ord., Vol. 3, 1892. 
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Order 1. APLA0OPHORA.+ (Solenogastres.) 

Body worm-like, being more or less cylindrical and usually elongate, 
and without a shell. The exceptionally thick cuticula contains calcareous 
spicules which sometimes project above the surface and represent the shell 
of the higher mollusks. On the ventral surface, except in Ch&toderma, is 
a median longitudinal groove representing a rudimentary mantle cavity, 
the two sides of which are formed by the mantle-folds. Within this groove 
lies a ciliated ridge which represents the rudimentary foot. At the hinder 
end of the body this groove widens to form the cloacal cavity, in which are 
the anus, the two kidney pores, and the two gills. 

The mouth opens into a pharynx in which a radula and salivary glands 
are usually present. The alimentary tract is straight. The nervous system 
is more highly developed than in Chiton, and has a distinct brain and 
numerous ganglia. The heart lies in a large pericardium at the hinder end 
of the body; this cavity represents the coBlom and communicates with the 
cloacal cavity by means of a pair of nephridial tubes. The gonads are 
paired and, except in Chatoderma, hermaphroditic. They are sac-like in 
structure and lie in front of the pericardium, into which they open. Their 
products pass into the pericardium and through the nephridia to the outside. 

The Solenogastres are marine animals which live on or near the bottom 
in from 20 to 1,000 fathoms, in various parts of the world. Many species 
live on and among hydroids; others feed on crustaceans and many on 
plants. 

The order contains 2 suborders, 13 genera, and about 30 species. 

Key to the suborders of Aplacophora: 

o, Mid-ventral groove present 1. Neomeniina 

a, No mid-ventral groove 2. Costodebmatiha 

Suborder 1. NEOMENIINA. 

Head and cloaca but little or not at all developed; mid-ventral 
groove present, at the forward end of which is a large gland; gills simple, 
sac-like evaginations of the cloaca and not feathered ; animals hermaph- 
roditic ; nephridia unite and open to the outside through a single median 
pore beneath the anus; radula sometimes wanting; intestine with lateral 
pockets : 4 families and about 27 species. 

Family 1. NEOMENIIDAE. 

Body short and thick, with both ends alike; cloaca and mouth ven- 
tral, the former with a row of short respiratory papillae around its edge; 

* Sec "Aplacophora," by H. A. Pilsbry, Man. of Conch., Vol. 17, 1892. 
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body covered with spicules, also with papillae; no radula present, the 
pharynx being protrusile: 1 genus; North Atlantic, Mediterranean Sea, 
and West Indies. 

Neomenia Tullberg. With the characters of the family: about 
4 species. 

N. carinata TulL (Fig. 743). Body 2 to 3 cm. long 
and half as thick ; back with a keel : North Atlantic 

Fig. 743— Weo- Family 2. PRONEOMENIIDAB. 

menia carinata 
(Cambridge Nat- Body elongate, 9 to 14 times as long as thick; radula 

present; body covered with spicules: 4 genera. 

Pboneomenia Hubrecht. With the characters of the family: 2 

species. 

P. aluiteri Hub. Length 10 to 14 cm. : Arctic seas. 

Suborder 2. CH^TODERMATINA. 

Mouth and cloaca terminal; head end and hinder end set off by con- 
strictions; body cylindrical, without ventral groove, and covered with 
spicules ; 2 feathered gills present ; sexes separate : in the North Atlantic 
and the Pacific Oceans, burrowing in the mud; 2 genera. 

Chjetoderma Loven. With the characters of the suborder: 3 
species. 

C. nitidulum Lov. (Fig. 744). Length 25 mm.; width 2 mm.: coast 
of Scandinavia and northern America; Gulf of Maine; in 100 fathoms. 

Order 2. POLYPLACOPHORA.* (Chitons.) 

Body from 10 mm. to 15 cm. in length, elliptical in shape, convex 
dorsally and flattened ventrally, and bearing on its dorsal surface a lon- 
gitudinal row of eight calcareous plates or valves (Fig. 745). These 
plates possess characteristic form and markings and usually overlap pos- 
teriorly. They are composed of two distinct layers, the lower layer, 
the anterior portion of which extends forwards beneath the overlapping 
valve in front of it and is called the articulamentum, and the exposed 
layer, which is the tegmentum. They are surrounded and kept in place 
by a muscular integumental fold called the girdle, the portions concealed 
by the girdle being called the insertion plates. In Cryptochit&n the 
girdle entirely covers the shell, and in several other genera it almost covers 

• See "On Certain Limpets and Chitons from the Deep Waters of the Eastern 
Coast of the United States," by W. H. Dall, Proc U. S. Nat Mas., Vol. 4. p. 400. 
"Polyplacophora," by H. A. Pilsbry, Man. of Conch., Vol. 14 and 15, 1892. "Chitons 
Collected by Dr. Harold Heath," etc., by H. A. Pilsbry, Proc. Acad. Nat Set, 
1898, p. 287. 
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it. The girdle varies much in character, its upper surface being either 
horny, covered with scales, or densely beset with spines. The foot is 
usually broad and flat, and is both a creeping surface and a sucker to 
attach the animal to the rocks; in a few forms the foot is much reduced 






Fig. 744 



Pig. 745 



12 II 



Fig. 744 — Chcetoderma nitidulutn (Cambridge Natural History). 1, mouth; 2, 
anus. Fig. 745 — Chiton squomosus. A, dorsal aspect ; B, diagram showing mouth 
(1), brain (2), p leu ro visceral nerve chord (3), pedal nerve chord (4). gills (5), and 
anus (6). 

and narrow, especially in certain vermiform species. The mantle (Fig. 
746) is a fold which projects over the side of the foot enclosing a deep fur- 
row along each side and at the hinder end of the body, which is the mantle 
cavity (5). In this cavity at the sides of the body are from 6 to 80 pairs 
of gills (6) and the genital and kidney 
pores, which are also paired. The mouth 
is at the forward and the anus at the 
hinder end. The head is rudimentary 
and tentacles are absent. Special sense 
organs are poorly developed; the most 
important being peculiar sense buds 
called aesthetes, which are present in 
definite groups in the shell; in certain 
species these organs are modified to 
form eyes. 

The mouth opens into the pharynx, 
in which a radula is present; a pair of 
salivary glands join the pharynx. The 
digestive tract is made up of a short 
oesophagus, a stomach with a pair of 

livers, and a long coiled intestine. The nervous system (Fig. 745) is char- 
acterized by the lack of definite ganglia, except two small pairs near the 
pharynx, most of the ganglion cells being distributed throughout the larger 
nerves. The heart consists of a tubular ventricle (Fig. 746,2) and a pair 
of auricles (3), and lies in a pericardium (1), which represents the hinder 




Pig. 746 — Diagram of a cross sec- 
tion of a chiton (Lang). 1, peri- 
cardium ; 2, ventricle ; 3, auricle ; 
4, branchial vein ; 5, mantle cavity ; 
6, gills ; 7, foot ; 8, pleuroviscerul 
connectives ; 9, branchial artery ; 10, 
ccelom ; 11. intestine: 12, gonad; 
13, 14, nephridlum ; 15, pedal nerve 
chords. 
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part of the coelom and communicates with the mantle cavity by means of 
the extensive nephridia (13, 14). The sexes are separate, the gonad com- 
municating with the mantle cavity by a pair of ducts which join it in 
front of the nephridial pores. The eggs are sometimes laid in a common 
jelly which is attached to the rocks, or they may be attached separately 
or in small groups. Chiton polii retains its eggs in the mantle cavity until 
they hatch. The young are born as trochophore larvae. 4 

The Polyplacophora are found in all parts of the world, occurring 
chiefly in shallow water, although a few species live in the deep sea. 
They attach themselves to rocks, shells, corals, etc., feeding on diatoms 
and other plants. In the West Indies and other places they are an 
article of food, the foot being called sea beef. About 600 species are 
known, grouped in 3 suborders. 

Key to the suborders of Polyplacophora: 

Ox Valves without insertion plates 1. Eoplacophora 

o, All valves with insertion plates. 

b x Margin of insertion plates not pectinate 2. Mbsoplacophoba 

6, Margin of insertion plates pectinate 3. Telboplacophora 

Suborder 1. EOPLACOPHORA. 

Valves of large size, the anterior and posterior ones similarly articu- 
lated; insertion plates absent, except in certain cases on the anterior 
valve, and unslit: 1 family. 

Family LEPIDOPLEURIDAE. 

With the characters of the suborder: 4 genera. 
Hahleyxa Gray. Insertion plates wanting on all valves 
of the shell but the anterior one, and here they are unslit, 
but roughened ; girdle with spines : 3 species. 
11&1J& H. mendicaria (Mighels and Adams) (Fig. 747). Shell 

"(aouidjL 1 grayish with a red margin, elliptical; surface with elevated 
dots, without concentric striae; gills posterior, about 15 on 
a side; length 27 mm.; breadth 15 mm.: northern New England, in 
shallow water. 

Suborder 2. MESOPLACOPHORA. 

All the valves with insertion plates, either the first alone or the first 
7 of which are slit, and with smooth or roughened but not pectinate 
margins; eyes absent: 4 families. 

• See "Contributions to the Embryology of Chiton," by M. M. Me tea If, Johns Hon. 
Univ., Stud, from BioL Lab., Vol. 5, p. 240, 1803. 
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Key to the families of Mesoplacophora here described : 

«! Tegmenta of the valves fully exposed. 

bx Last valve without a posterior sinus 1. Ischnochttonidas 

ft. Last valve with a posterior sinus 2. Mopaliidas 

a, Tegmenta more or less reduced or covered by the girdle. 

3. ACANTHOCBTTONIDAE 

Family 1. I8CHNOCHITONIDAB. 

Valves of large size and exposed, the anterior and posterior ones 
similarly articulated; insertion plates smooth or nearly so and slit into 
teeth which project outwards: 12 genera, containing some of the common- 
est species along our shores. 

Key to the genera of Ischnochitonidae here described: 

o, No radiating ribs on the anterior valve. 

6, Girdle smooth, without scales or hairs 2. Tonicxlla 

6, Girdle not smooth. 

c x Girdle hairy 1. Chjetopleuba 

c, Girdle granulated 3. Trachydebmon 

0^ Girdle covered with scales 4. Ischnochiton 

a, Anterior valve with radiating ribs 5. Nuttallina 






Fig.74S Fig. 740 Fig. 750 

Fig. 748 — Chatopleura apiculata (Gould). Fig. 749 — Tonicella marmorea (Gould). 
Fig. 750 — Trachydermon ruber (Gould). 

1. Ohjetoflxuu, Shuttleworth. Umbo of posterior valve central 
or anterior; girdle leathery and more or less hairy: 16 species. 

0. apiculata (Say) (Fig. 748). Shell oval, light buff or ashen, some- 
times reddish in southern specimens, keeled, central areas with longitu- 
dinal rows and lateral areas and end valves with irregularly scattered 
tubercles; gills, 24 on a side, extending almost to anterior end; length 
17 mm; breadth 10 mm.: Cape Cod to Florida, very common in shallow 
water. 

2. ToviOXLLA Carpenter. Umbo of posterior valve anterior; girdle 
leathery and smooth, without scales or hairs: 7 species. 

T. marmorea (Fabricius) (Fig. 749). Shell oval, buff-colored, closely 
speckled with dark red; surface densely, microscopically granulated; 
gills 20 to 25 on a side, extending three-quarters the length of the foot ; 
length up to 40 mm. ; breadth 24 mm. : circumpolar, south to Massachu- 
setts Bay and to Aleutian Islands; Europe. 
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T. lineata (Wood). Shell rather low, light reddish in color; surface 
not granulated and shining; gills as in T. marmorea; length 37 mm.; 
breadth 20 mm.: Pacific coast from Monterey to Bering Strait. 

3. T&aohydebkon Carpenter. Girdle covered with minute granules 
or scales: several species. 

T. albus (L.). Shell elevated, minutely granulated, keeled; anterior 
valve semicircular; color whitish, sometimes shading into a light orange 
on each valve; interior white; length 15 mm.; breadth 7 mm.: circum- 
polar, south to Cape Cod; Pacific coast; Europe; low-water mark to 337 
fathoms, often abundant. 

T. ruber (L.) (Fig. 750). Shell smooth, elevated, microscopically retic- 
ulated, buff in color, marbled with reddish ; 12 mm. long and 7.5 mm. wide ; 
interior bright pink : circumpolar, south to Long Island Sound and Sitka ; 
Europe ; from low water mark to 80 fathoms ; rare south of Cape Cod. 

4. Ibohnoohxton Gray. Girdle covered with imbricating scales: 
numerous species. 

L magdalenenais (Hinds). Shell elongate and rather narrow, faintly 
mottled with olive on a light ground; central areas pitted; lateral areas 
and end valves with radiating lines ; length 75 mm. ; breadth 
30 mm.: Monterey, California, to Magdalena Bay. 

5. Nuttallina Carpenter. Valves exposed, granulated, 
the lateral areas having 2, the head valve numerous low 
radiating ribs; girdle varying from spiny to scaly; umbo 
behind the middle: several species. 
n2&38L N ' c*Uf°rni<» (Nuttall) (Fig. 751). Shell more than 

° < ?^eep)? twice as long as wide, dark brown in color, with whitish 
streaks; median valves strongly beaked with a smooth 
rounded dorsal ridge ; girdle covered with minute spines ; length 37 mm. ; 
breadth 15 mm.: coast of Oregon, Washington, and California. 

Family 2. MOPALIIDAR 

Valves of large size on a broad body; each intermediate valve with 
a single slit; posterior valve with a median sinus; insertion plates on all 
the valves; girdle hairy, never scaly; gills extend the length of the foot: 
3 genera; Pacific Ocean. 

Mopaxia Gray. Valves exposed; insertion plate of anterior valve 
slit into nearly smooth teeth ; insertion plate of posterior valve with an 
oblique slit on each side: 5 species, all on Pacific coast. 

M. muscosa (Gould). Shell oval, brownish in color, but sometimes 
bright green or red, anterior valve having about 10 radiating ribs; length 
50 mm. ; breadth 3.8 mm. : coast of Washington, Oregon, and California, 
between tide lines. 




Digitized by 



Google 



AMPHINEUBA 489 

Family 3. ACANTHOCHITIDAE. 

Shell reduced and more or less covered by the smooth or hairy (never 
scaly) girdle: 6 genera. 

Key to the genera of Acanthochitidae here described: 

Cj Shell not completely covered. 
b x Tegmenta bottle-shaped; last valve with a median sinus.... 1. Katharina 
b t Tegmenta heart-shaped ; last valve rounded 2. Amicula 

a, Shell completely covered 3. Cbtptochiton 

1. Katharixa Gray. Valves two-thirds covered by the girdle, the 
exposed portion divided into dorsal and side areas ; insertion-plates sharp 
and very long, that of the head valve with 7 to 8 irregularly placed slits; 
gills long and extending the whole length of the foot : 1 species. 

K. tunicata (Wood). Shell dark brown; girdle black, shining and 
leathery; length up to 75 mm; breadth 40 mm.: Alaska to Catalina 
Island, from low- water line to 20 fathoms; eaten by the Indians. 

2. Akiottla Gray. Shell with the valves externally scarcely visible, 
the exposed part being heart-shaped and as broad as long; hinder valve 
with a median sinus and a slit on each side : 3 species. 

A* vestita (Sowerby) (A. emersoni Couthouy) (Fig. 
752). Length 50 mm.; breadth 35 mm.; color of shell light 
drab; girdle brown, thin, and smooth, showing the valves 
through it; adults with scattered tufts of hair: New Eng- 
land coast north of Cape Cod in 5 to 30 fathoms. JStoSJ 

3. Cbtptochiton Middendorff. Valves concealed by (oJJJjJg 
the leathery girdle and lacking tegmenta, their hinder 

margins produced backwards in a deep lobe on each side, the lobes fusing 
across the median line: 1 species. 

0. stelleri (Midd.). Body oblong, brick red in color; covered with 
minute spines; length 20 cm.: Pacific coast, south to Monterey, Califor- 
nia, just below low tide ; eaten by the Indians. 

Suborder 3. TELEOPLACOPHORA. 

Shell of large size; the anterior valve similar to the posterior, and 
similarly articulated; insertion plates on all the valves, finely pectinated 
or grooved, blunt-edged and slit, the teeth all projecting outwards: 10 
genera and about 80 species, principally in the Pacific. 

Ohzton L. Girdle covered with imbricating scales; no eyes present; 
gills extending the entire length of the foot: 36 species, principally in 
the West Indies and the Pacific. 

0. tnberculatna L. Shell green or olive brown in color, generally 
spotted; lateral areas with 5 radiating ridges; central areas with longi- 
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tudinal ridges ; up to 9 cm. long and 55 mm. wide : West Indies, Bermuda, 
Florida, Texas; the commonest West Indian Chiton. 

0. squamosus L. (Fig. 745). Shell greenish in color and with median 
keel; central areas of shell longitudinally, lateral areas transversely 
striated; length 8 cm.: Bermuda and West Indies; Europe. 

Class 2. S0APH0P0DA.* 

Bilaterally symmetrical, elongated mollusks enclosed in a tapering 
cylindrical shell, which is open at the two ends and slightly arched, the 
concave side representing the upper or dorsal side of the body (Fig. 753). 
The mantle folds arise in the larva from the dorsal 
surface of the very much elongated visceral mass and 
fuse together ventrally, forming a cylinder open at 
both ends. From the anterior and larger opening 
projects the cylindrical foot (7) and a number of slen- 
der tentacles (8). The mantle cavity is posterior in 
position. The head is not developed, the mouth being 
situated at the extremity of a cylindrical snout (5), 
where it is usually surrounded by small leaf -like ten- 
tacles, while from the base of the snout extend the 
long slender tentacles above mentioned. No ctenidia 
are present, the tentacles being possibly homologous 
to them. 

The mouth opens into a Y-shaped intestine, in the 
anterior portion of which is a jaw and a radula; the 
anus is in the mantle cavity at the base of the foot. 
The heart is rudimentary, no auricles being present. 
The nervous system is well developed, paired cerebral, 
visceral, pedal, pleural, and buccal ganglia being pres- 
ent. No organs of special sense except lithocysts are 
found. A pair of nephridia opens to the outside by 
two pores near the anus. The sexes are separate, the single gonad dis- 
charging its products through the right nephridium. 

History.— The older authors called the scaphopods Tubulus marinus 
or Denticulus elephant is, and placed them among the tubicolous annelids 
with Serpula, or among the snails, in the neighborhood of Patella or of 
Vermetu8. In 1857 Lacaze-Duthiers placed the group under the Acephala, 
maintaining that the twofold origin of the mantle showed a nearer rela- 
tionship to bivalves than to snails. M. Sars and Bronn, however, 

• See "Scaphopoda," by H. Simroth, Bronn's Klassen u. Ord. d. Thler, Vol. S, 
1 Abt, 356, 1894. "Scaptaopoda," by H. A. Pllsbry and B. Sharp, Man. of Conch., 
VoL 17. 1897. 




Fig. 753 — Dia- 

fram of Dentalium 
Lang). 1, gonad; 
2, shell ; 8, retrac- 
tor muscle; 4, 
anus ; 5, mouth ; 

6, mantle cavity ; 

7, foot ; 8, cephalic 
tentacles. 
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retained them among the snails, largely because of the radula and jaw, 
and in 1862 the latter author introduced the name Scaphopoda, but 
for a long time the opinion prevailed that the true position of the group 
was between snails and bivalves, and that they represented the 
common ancestors of both. At present the latter view is not generally 
held, and the systematic position of the Scaphopoda is still in dispute. 
There can be do doubt, however, that they are very primitive mollusks 
and so aberrant in structure that they should be placed in a Class by 
themselves. 

The Scaphopoda are all marine animals, living in clean sand in 
various depths from shallow water to 2,600 fathoms; they are found in 
all seas except the polar. About 200 species are known, grouped in two 
families; about 350 fossil species are known. 

Key to the families of Scaphopoda: 

a t Foot trilobate 1. Dentauidae 

a, Foot elongate, vermiform 2. Siphonodentauidae 

Family 1. DENTALIIDAE. 

Foot with 2 lateral epipodial lobes, making it trilobate; oral palps 
present; lateral teeth of the radula dentate; width of the median tooth 
of radula double its height : 6 genera and 50 species, most of which are 
found in deep water. 

Dentaxtum L. With the characters of the family: 9 
subgenera and numerous species. 

D. entale L. (Fig. 754). Shell not much curved, 
glossy and ivory-like, annulated, without longitudinal stri- 
ations except at the smaller end; 50 mm. long; 5 mm. Denialufm 
wide: Cape Cod to the Arctic Ocean, in 3 to 1,750 fathoms; (KnigSey) 
common; Europe. 

D. pretiosum Sowerby. Like the above, but larger, slenderer, and 
whiter; length up to 55 mm.; diameter 5 mm.: Pacific coast from Sitka to 
Lower California. 

D. occidentale Stimpson (D. dentate Gould). Shell curved like an 
elephant's tusk, glossy, yellowish-white, with about 20 longitudinal stri- 
ations, and about 25 mm. long and 8 mm. in diameter: New England 
coast north of Cape Cod, in from 8 fathoms to deep water. 

Family 2. SIPHONODENTALIIDAE. 

Foot vermiform, capable of expansion into a terminal disc; width of 
median tooth much less than double its length: 5 genera and about 60 
species, most of which are found in deep water. 
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Siphonodentautjh Sars. Smaller orifice of shell with 2 slight 
notches on each side. 

8. lobatum Sowerby. Shell smooth, shining, thin; 10 mm. long: 
Arctic seas, south to New England; Europe. 

Glass 3. GASTROPODA* 

Snails. Asymmetrical mollusks with usually a spirally coiled shell, 
a distinct head, and a broad, flat foot (Fig. 740, B). 

External Structure.— The shell is a spiral cone (Fig. 772), the apex 
of which represents the dorsal side of the animal. In most snails the 
spiral twists to the right, and when the apex is uppermost the opening or 
aperture of the shell will be on the right. In some, however, the twist 
is normally to the left, and in the right-handed species occasional indi- 
viduals are found which are left handed. The axis of the shell, around 
which whorls are coiled is called the columella. When this axis contains 
a cavity the space is called the umbilicus : sometimes it is partially filled 
by a thickening called the callus. In certain species, as the slugs, the 
shell is rudimentary or wanting, and in a few forms, as the limpet, is 
conical without forming a spiral. In most prosobranchs and some 
opisthobranchs the aperture of the shell is closed when the animal is 
withdrawn within it by a disc called the operculum. 

The head (Fig. 771) bears one or two pairs of tentacles and a pair 
of eyes; at its forward end is the mouth, which, in many species, is con- 
tained in a long proboscis. The foot represents the ventral side of the 
body, and is large and has usually a broad sole fitted for creeping on flat 
surfaces. In the pelagic heteropods and pteropods it is modified to form 
the fins, and in certain species it is wanting. The foot may secrete a 
great amount of slime, either from its entire surfaces or from localized 
glands, which facilitates locomotion. 

The visceral mass makes up the greater part of the spiral body, and 
is covered by the mantle, which extends from the apex to the foot in a 
single conical fold. The lower edge of the mantle is called the collar 
(Fig. 771,7); it can, in many prosobranchs be prolonged to form a 
siphon. The shell is secreted by the mantle, and follows its spiral wind- 
ings. The mantle unites with the visceral mass on all sides but one, 
where a space called the mantle cavity is left between them. In certain 
primitive snails this is posterior in position, but in the majority of them 
it has shifted to the right or to the anterior side (Fig. 740,3). In the 
mantle cavity are the gills or lungs, and in most snails the external open- 

• See "The Mollusca of the Chicago Area : The Gastropoda," by Frank Baker, 
Natural History Survey, Bull. Ill, Part II, 1002. 
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ings of the digestive, excretory, and genital organs. In some snails, 
especially among the nudibranchs, the mantle is wanting; the shell is also 
absent in these animals, and the gills, when present, are not homologous 
to the ctenidia of other mollusks, but are simple outgrowths of the 
integument of the back. 

Internal Structure.— The spiral twisting of the visceral mass of most 
snails has caused a displacement of the internal organs and the loss of 
the left-hand member of the primitively paired ones. Thus, but a single 
ctenidium, kidney, auricle, and osphradium are usually present, instead of 
a pair. The mouth opens into the pharynx (Fig. 742), which contains 
the tongue and the radula. In the roof of the pharynx and opposed to 
the tongue are one or more cuticular plates called the jaws, against whicli 
the radula is rubbed in the process of rasping. A pair of salivary 
glands pour their secretion into the pharynx. The alimentary tract, 
which consists of the oBsophagus, the stomach, and the intestine, bends 
on itself, the anus being not far from the mouth of the shell. 

Three classes of respiratory organs are found — ctenidia, lungs, and 
adaptive gills. In most cases ctenidia (Fig. 821) are present; pulmo- 
nates, both aquatic and terrestrial, breathe by means of lungs; nudi- 
branchs have neither ctenidia nor lungs, but in their place adaptive gills 
(Fig. 765), which are projections of the dorsal body wall. A few nudi- 
branchs do not possess these organs, but respire through the ciliated 
integument. The heart bears a close relation to the gills. Certain primi- 
tive snails, which possess a pair of ctenidia, have also two auricles, while 
the majority of them, having but a single ctenidium, have also but one 
auricle. Nudibranchs and pulmonates have also but one auricle. In the 
opisthobranchs and the pulmonates the gills or lungs are behind, while 
in the prosobranchs, as the name indicates, they are in front of the heart. 

The excretory organs consist of a single kidney, which opens into 
the mantle cavity near the anus; it also has a communication with the 
pericardial (ccelomic) cavity. Those snails which have two ctenidia have 
also a pair of kidneys. 

The nervous system contains the characteristic ganglia. The cere- 
bral ganglia are above and the pedal ganglia below the oesophagus and 
united by commissures. The pleural ganglia are usually between and 
joined with these two. The visceral ganglia lie below the intestine and 
are joined with the pleural, and the parietal are near the visceral. In 
the prosobranchs and in Act eon, an opisthobranch, and Chilina, a pulmo- 
nate, the commissures joining the visceral with the pleural ganglia cross 
each other in such a way that the nerve from the right pleural passes 
over the intestine to the left side of the visceral. Those gastropods in 
which this occurs are called streptoneurous ; the others are called euthy- 
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neurous or orthoneurous. The sensory organs are a pair of eyes, one or 
two pairs of tentacles, a pair of lithocysts in the foot, one or two osphradia 
close to the ctenidia, and the rhinophores of the opisthobranchs, the last 
two organs being olfactory in function. The osphradia are absent in most 
snails, which lack ctenidia, but not in all. The rhinophores are the pos- 
terior pair of tentacles of the opisthobranchs. 

The single gonad empties its products in certain prosobranchs 
(Patella) through the kidney, but in most gastropods through special 
genital ducts, to the outside, the genital pore being in the mantle cavity 
in prosobranchs and outside of it in opisthobranchs and pulmonates. 
Most prosobranchs are unisexual, while the pulmonates and opistho- 
branchs are hermaphroditic. The majority of snails are oviparous, 
and many of them lay their eggs in protective capsules or a jelly; 
a few are viviparous. Most marine snails leave the egg in the form 
of the veliger larva; land snails lay eggs, which are covered with a 
shell, in holes in the ground or similar places, and are born with the 
form of the parent. 

Distribution and Habits.— Most gastropods are aquatic animals, and 
those which are terrestrial usually require a moist environment. A few- 
are parasitic, either on the outer surface (Stilifer) of star-fishes and other 
animals or as internal parasites (Entoconcha) in holothurians. Many are 
of use to man, Helix pomatia, the imported, so-called French snail of the 
New York markets, and many others, being used for food. The shells 
also serve often for ornaments and are manufactured into buttons 
and other articles. In Africa and other countries immense quantities of 
cowries (Cypreea moneta), and several other shells, are used as money. 

History.— The class Gastropoda was created by Cuvier in 1795, who 
included under it, among others, the orders Nudibranchiata, Tectib ranch- 
iota, and Pulmonata. The Pteropoda he created later, but as a separate 
class equivalent to the Gastropoda. Lamarck in 1812 created the Hetero- 
poda, and gave the group equal rank with the Gastropoda. Milne- 
Edwards in 1846-1848 created the orders Opisthobranchiata and Proso- 
branchiata. The Pteropoda were believed by Leuckart to be the ancestors 
of the Cephalopoda, the arms of which he supposed to have come from 
pteropod fins, and Lankester has classified them under the Cephalopoda. 
They were, however, universally placed in a class by themselves until 
Pelseneer, in 1888, showed their affinities to the Opisthobranchiata. The 
same author has also utilized the condition of the pleuroviseeral connectives 
in classification, dividing the Gastropoda into two groups, the Euthyneura, 
with the Opisthobranchiata and Pulmonata, and the Streptoneura, with 
the Prosobranchiata, a proceeding which has been adopted in some text- 
books. The class contains 49,000 species, grouped in 3 orders. 
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Key to the orders of Gastropoda: 

Ox Land and fresh- water snails; lungs, and not gills, present; no oper- 
culum 2. PULMONATA 

a, Mostly aquatic snails with either ctenidia or adaptive gills. 
b t Ctenidia posterior in position or adaptive gills present; shells small 

or wanting ; all marine 1. Opisthobranchiata 

6, Ctenidia at forward end of body ; shell well developed ; operculum usu- 
ally present ; mostly marine 3. Pbosobranchiata 

*- *~~ * 
Order 1. OMSTHOBRANGHIATA.* 

Sea slugs. Marine snails, in which the mantle and shell are either 
entirely wanting, or when present are usually small The body is asym- 
metrical, the kidney and genital pores and usually the anus being on the 
right side; in certain nudibranchs the anus is (secondarily) median and 
posterior in position. The shell, when present, is usually a spiral. In the 
nudibranchs the ctenidia and osphradia are absent, respiration being 
effected either by the general surface of the body or hy so-called adapt- 
ive gills, which are projections of the dorsal body wall (Fig. 765). The 
foot has usually a broad sole, but in the pteropods is highly modified, the 
cpipodia alone being well developed, forming a pair of fins, by means of 
which the animal swims (Fig. 759). In many others also the epipodia 
form extensive folds which cover the back or are used in many cases in 
swimming (Fig. 769). 

The nervous system is compact, the ganglia being usually near 
together just behind the pharynx ; the pleurovisceral connectives are not 
crossed except in Act eon. Two pairs of tentacles are present, the anterior 
pair being sometimes absent, the posterior pair (rhinophores) having 
often a lamellar structure. The eyes are at the base of these posterior 
tentacles. The radula contains numerous teeth, and the jaw is composed 
usually of two pieces. The animals are hermaphroditic, the common 
gonad being protandric ; in the lower opisthobranchs it is joined with the 
genital pore by a single duct, but in the higher ones a distinct oviduct 
and vas deferens are present. The auricle lies back of the ventricle and 
receives blood from the gills, which are also mostly posterior in position. 

The opisthobranchs are mostly littoral animals living under stones 
or among seaweed, and feeding principally on animal food, and many are 
brightly colored. The pteropods as well as representatives of several 
other groups are pelagic. The order contains over 2,300 species, grouped 
in 2 suborders. 

Key to the suborders of Opisthobranchiata: 

a, Shell usually present ; gill in the mantle cavity 1. Tectibranchiata 

a, Shell and mantle absent; adaptive gills on the back 2. Nudibranohiata 

• See "Manual of Conchology," Vol. 15 and 16, by H. A. Pllsbry, 1898-1806. 
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Suborder 1. TECTIBRANCHIATA. 

Shell and mantle usually present; ctenidium usually present and on 
the right side (Fig. 760, 1) : about 1,400 species, grouped in 3 divisions 
and 25 families. 

Key to the divisions of Tectibranchiata here described: 

(it With well-developed shell, sometimes internal 1. Bulloidea 

a, Shell reduced or absent 2. Aflysioidka 

Division 1. BULLOIDEA. 

Shell either external or internal and well developed; head with a 
broad dorsal disc, under which the tentacles, when present, are con- 
cealed; epipodia usually present: 15 families. 

Key to the families of Bulloidea here described : 

c, Animals not pelagic ; no swimming fins. 

b x Shell external, with a prominent spire 1. Acteonidax 

fc. Spire very low or sunken. 
c t Shell external. 

<*! Radula absent 2. Tobnatenidak 

d a Radula present 

6j Cephalic disc not bifurcate 3. Scaphandbidak 

c, Cephalic disc bifurcate 4. Akebidae 

c, Shell internal 5. Philixidae 

a, Animals pelagic, with large swimming fins (pteropods). 

b x Shell spiral, sinistral 6. Limacinidae 

6j Shell symmetrical and not spiral 7. Cavolinhdae 

Family 1. ACTEONIDAE. 

Shell external, with a prominent spire; epipodia absent, cephalic 
disc divided behind ; operculum horny ; pleurovisceral nerve connectives 
streptoneurous : 7 genera, mostly in warmer seas. 

Acteon Montfort. Shell solid, ovate; aperture nar- 
row and one-half the length of the shell : 35 species. 

A. punctostriatus (Adams) (Fig. 755). Shell conical, 

with 2 or 3 color bands; aperture long and narrow; 

p. ?55 inner lip with a strong tortuous fold; animal white; 

A to!tkauS! ' ten&b 6 mm - : Ca P e Cod to Florida, in 2 to 60* 
(Verriltf! fathoms. 

Family 2. TOBNATINIDAE. 

Small external, more or less cylindrical, with the spire sunken or 
short and elevated; head triangular or quadrangular; tentacles broad, 
united at the base; eyes distinct; radula and epipodia absent: 3 genera 
and 120 species. 

1. Retttsa Brown. Shell with a slightly raised or flat spire; aper- 
ture nearly as long as shell, narrow above and dilated below: 50 species. 



Digitized by 



Google 




GASTROPODA 497 

E. gouldi (Couthouy) (Fig. 756). Shell white and shining, with a 
yellow periostracuni ; spire conical; 7.5 mm. long; 2.5 mm. wide: Maine 
to Cape Hatteras. 

2. To&hativa Adams. Shell with an elevated apex; inner lip with 
fold; suture channeled: 50 species. 

T. canaliculate (Say). Shell with a low spire, pol- 
ished, with a channeled suture, white without spots ; length 
5 mm. ; width 2.5 mm. : Atlantic coast south of Cape Cod, 
in shallow water. 

Family 3. SCAPHANDRIDAE. 

Fig. 756 

Shell external, ovate, spire sunken ; aperture narrowed °* (Sal?) . ' 
above; inner lip spirally convoluted; outer lip acute; 
head broad and short; epipodia usually well developed; head quadran- 
gular, with eyes at base of tentacular lobes: 6 genera. 

1. Diafhana Brown. Shell thin and transparent; both inner and 
outer lips sinuous; epipodia wanting: species few. 

D. debilis (Gould). Shell small, greenish-white, with 4 whorls, all 
rising to the same height, partially umbilicated; 3.5 mm. long; 2.5 mm. 
wide: Atlantic coast south to New Jersey, in 6 to 50 fathoms; Europe. 

2. Cyliohnella Gabb. Tentacle lobes united and indistinct, with 

eyes on their front base; shell solid, without spire: 
^q. 40 species, mostly in deep water. 

f\ ill °' oryza ( Totten ) ( Fi s- 757 )- SheU white > 

\d) ^JH) ovate; length 7 mm.; width 2.5 mm.: Maine to 

^^ „ Connecticut. 

Pig. 757 Fig. 758 

*£" wlTife inn? Family 4. AKEEIDAE. 

Fig. 758 — Haminea 

soiitaria (Daii). shell external, fragile, light-colored, usually 

covered by the large epipodia, cylindrical or ovate, 
with a very small sunken spire and a large aperture with a sharp outer 
lip: 5 genera and 70 species. 

Haminea Leach. Shell unicolored, green, or yellow, thin and horny. 
H. solitaria (Say) (Fig. 758). Shell ovate, 9 mm. long and 6 mm. 
wide, shining, with deep, microscopic, impressed lines : common along the 
Atlantic coast from Massachusetts Bay to South Carolina. 

Family 5. PHILINIDAE. 

Shell internal, sometimes absent, convex, with a large aperture; 
epipodia large and fleshy, folded oxex the back ; head without tentacular 
processes ; 4 genera. 
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Phzlevx Ascanias. Shell with a rudimentary spire, white, translu- 
cent, oval; animals slug-like; radula with no central teeth; foot about 
two-thirds the length of the body and obliquely truncated : 20 species. 

P. quadrate (Wood). Shell 5 mm. long, 3.5 mm. wide, with 2 to 3 
whorls, squarely globose: New England north of Cape Cod, in rather 
deep water; Europe. 

P. lima (Brown). Shell with 3 to 4 whorls, elongate, broadest ante- 
riorly, 3.5 mm. long, 2 mm. wide, reddish in color: New England north 
of Cape Cod; Europe. 

Family 6. LIMAdNIDAE. (Pteropoda Theoosomata.) 

Shell and mantle present; shell snail-like, minute, with a left-handed 
spiral and an operculum; ctenidium and eyes absent; 1 pair of tentacles; 
mantle cavity, with anus and other openings on right side; 2 large fins 
present, these being the epipodia, which have extended around the dorsal 
side of the head : 2 genera and about 19 species, which are pelagic, prin- 
cipally in the northern seas. 






Fig. 750 Fig. 760 

Fig. 750 — Umocina arctica (Lennis). Fig. 760 — CaroUnia trUpinoaa (Dmll). 1, 
Fig. 761 — <Crr«eto coirtca (Dall). 

Lzkaoiha Cuvier. Shell transparent, with a low spiral and a wide 
umbilicus: several species in the Arctic and Antarctic seas, which form 
an important food of whales. 

L. arctica (Fabricius) (Fig. 759). Whorls of shell 6; spire low; 
umbilicus wide ; width 4 mm. : Arctic seas, south to New Jersey. 

Family 7. CAVOLINITDAE. (Pteropoda Theoosomata.) 

Shell and mantle present; shell not spiral, but symmetrical, straight 
or curved, without operculum ; ctenidium and eyes absent ; 1 pair of ten- 
tacles ; mantle cavity ventral ; 2 large fins present as in previous family : 
about 50 species, all of which are pelagic. 

1. Oatolxnia Abildgaard (Hyalea Lamarck). Shell globular, with 
3 long sharp spines posteriorly; aperture contracted with a slit on each 
side, through which long appendages of the mantle pass : 10 species. 

0. trispinosa (Lesueur) (Fig. 760). Length 10 mm.; median spine 
as long as the body; lateral spines only a third as long: Atlantic coast 
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2. Oxxsezs Rang. Shell conical, slender, pointed, straight or 
slightly carved : 6 species. 

0. conica Eschscholtz (Fig. 761). Length 12 mm.; diameter 2 mm.: 
Atlantic coast. 

Division 2. APLYSIOIDEA. 

Shell reduced or absent ; head without cephalic disc and with 2 pairs 
of tentacles; epipodia present, which arise from the sides of the body 
and not the foot; osphradium present: 6 families, all but the Aplysiidae 
being Pteropoda Gymnosomata, or shell-less pteropods. 

Key to the families of Aplysioidea here described : 

Ox Shell present ; animals live on seaweed 1. Aplysiidae 

a* Shell absent ; animals pelagic (pteropods) 2. Clionidai 

Family 1. APLYSIIDAE. 

Sea hares. Body large; shell rudimentary and internal; animal 
slug-like, with the anterior angles of the head extended into 2 large 
tentacular folds, behind which are a pair of eyes and behind these the 
rhinophores; epipodia, which are large lobes, turn up over the back: 
7 genera and numerous species;* cosmopolitan; mostly large, brightly 
colored slugs, which secrete a reddish fluid from the mantle wrongly 
supposed by many to be poisonous. 

Apltbia L. Animal swollen behind, with a long neck and head; 
shell flexible; epipodia mobile and used for swimming: 50 species. 

A. protea Rang. Length 16 cm.; color variable, yellow or green, 
with ring-shaped spots of black, red, and green: common in the West 
Indies, also on the Florida coast. 

A. calif ornica Cooper. Length up to 37 cm.; color 
gray or greenish, purple on the sides, covered with brown 
lines and blotches; epipodia behind the middle: Monterey 
to San Pedro. 

Family 2. CLIONIDAE. (Pteropoda Gymnosomata.) 

Shell and mantle absent; body fusiform; head dis- 
tinct, with 2 pairs of tentacles, the hinder of which bears 
eyes ; foot represented by a pair of fins which spring from 
the base of the neck; between the base of the fins the ^SaSiSh 
rudiment of the median portion of the foot; gill absent; 
proboscis generally with suckers or with lateral lobes which bear suckers : 
14 genera; pelagic. 

Ouovs Pallas. With the characters of the family : 10 species. 

0. Hfw*rfTia. (Phipps) (Fig. 762). Body tapering to a point behind, 
35 mm. long, pale blue in color and hyaline; fins triangular: Arctic 
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Ocean, south to New York; it swims about near the surface in immense 
schools, sometimes coloring the sea for miles, and forms an important 
source of food of whales. 

Subordbb 2. NUDIBRANCHIATA. 

Sea slugs. Shell, ctenidium, and osphradium absent, but a coiled 
shell is present in the embryo; respiration either through the integu- 
ment, no gills being present, or by means of adaptive gills; these sur- 
round the anus when it is median and dorsal in position, or form longi- 
tudinal or transverse rows; in the latter case they are called cerata 
and usually contain hollow extensions of the liver and also nematocysts, 
which, however, are derived from ingested hydroids ; 2 pairs of tentacles 
present : about 1,000 species, grouped in 4 divisions and 19 families. 

Key to the divisions of Nudibranchiata: 

a, Cerata usually present ; anus lateral. 

b x Cerata branched or foliaceous, in 2 rows 1. TRrroiaoraca 

b t Cerata simple or absent. 

c, Jaws present ; several rows of cerata on each side 3. JEoudiodea 

c, Jaws absent ; cerata usually absent 4. Elysioidea 

o, Anus median and posterior, surrounded by a circle of adaptive gills. 

2. DOKIDIOIDEA 

Division 1. TBITONIOIDEA. 

Two longitudinal rows of branched cerata usually present, into 
which the liver usually does not extend, and without nematocysts; anus 
on right side: 7 families. 

Key to the families of Tritonioidea here described : 

a, Two pairs of cerata 1. Sctlukedas 

o, More than 2 pairs of cerata 2. Dendbokotidae 

Family 1. SCYLL^IDAE. 

Body elongate, with a narrow foot; anterior tentacles absent; 2 
pairs of branched, foliaceous cerata; male and female openings con- 
tiguous: 1 genus. 

Sotluea L. Body narrow and compressed? oral tentacles want- 
ing; rhinophores retractile: 8 species. 

8. pelagic* L. (S. edwardsi Verrill). Cerata spatula te, bearing small 
tufted projections on the inner surface, similar projections being on 
the back; foot very narrow; color brownish or orange, irregularly 
spotted; length 75 mm.; width 12 mm.: pelagic, living on floating 
seaweed. 

Family 2. DENDRONOTIDAE. 

Body elongate; tentacles laminated and branched, forming fringed 
frontal appendages; 2 rows of branched cerata on the back into which 
the liver extends: 4 genera. 
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Dehdbonottts Alder and Hancock. With the characters of the family. 
D. arborescens (0. F. Muller) (Fig. 763). Color pale or red with 
brownish or whitish 



\&* 



mim&&M # 



Fig. 763 — Dendronotus arborescens (Gould). 



spots ; cerata trans- 
parent, 5 to 7 on a 
side; length 8 cm.: on 
rocks and seaweed ; 
circumpolar, south to 
Rhode Island ; com- 
mon in Casco Bay; 
Europe. 

Division 2. DORIDIOIDEA. 

Anus median and posterior and surrounded by a circle of adaptive 

gills into which the liver does not extend : 5 families. 

Key to the families of Doridioidea here described : 

a x Mantle with lateral tubercles or appendages 1. Polycebidae 

o, No lateral tubercles or appendages 2. Dorididae 



Family 1. POLYCERIDAE. 

Body elongate, with a marginal ridge on each side bearing tubercles 
or appendages ; integument with spicules ; rhinophores not retractile and 
usually lamellate ; gills non-retractile and with lateral projections : about 
8 genera. 

Key to the genera of Polyceridae here described: 

Oj Marginal ridge with short tubercles of nearly equal length 1. Polyckra 

o, Marginal ridge with long appendages, some at base of rhinophores. 

2. Anoula 

1. Polycera Cuvier. Body limaciform; mantle indistinct, forming 
a projecting frontal velum and a tuberculated ridge along each side: 
11 species. 

P. lessoni D'Orbigny. Length 30 mm.; color greenish; about 6 
long, finger-like tubercles on a side, tipped with yellow; a median row 
of tubercles also present; head with 6 projecting points on each side: 
Long Island Sound and northwards; Europe; common in Casco Bay 
from low water to 20 fathoms. 

2. Anoula Loven. Body limaciform and 
smooth ; head bearing tentacular projections at the 
base of the rhinophores as well as one at side in 
front, and. also several surrounding the gills: 3 
species. 

A. snlphurea Stimpson (Fig. 764). Body slender, 30 mm. long, 
light brownish and transparent; rhinophores club-shaped; 3 branched, 




Fig. 764— Ancvla 
sulphurea (Gould). 
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pinnate gills, surrounded by 8 to 12 long projections; all tentacles and 
projections tipped with yellow: New England north of Cape Cod, often 
common under stones. 

Family 2. DOBIDIDAE. 

Mantle large, covering the head and without marginal appendages; 
integument generally very spiculose; rhinophores laminate and retrac- 
tile; anterior tentacles small; gills usually retractile: 9 genera. 

Key to the genera of Dorididae here described : 

Oj GUIs retractile 1. Doris 

o, Gills not retractile. 

6, Gills pinnate and simple 2. Onchidohis 

6, Gills bipinnate 3. Acanthodosis 

1. Dobib L. Body depressed, often with dorsal tubercles; gills 
branched or feathered, united at the base, and retractile; mouth with 2 
oral lobes: 150 species; cosmopolitan. 

D. repanda Alder and Hancock. Body broad, light- 
colored, covered with minute white tubercles; mantle ex- 
panded beyond the foot ; gills form a star of about 10 pin- 
nate plumes ; length 15 mm. ; width 12 mm. : New England 
north of Cape Cod, under stones at low-water line ; Europe. 

D. bifida Verrill (Fig. 765). Body broad and oval, 
purplish-brown in color, speckled with white, 25 mm. long, 
12 mm. wide ; back very convex, with papillae ; gills with 7 
Dorfr bifida bipinnate plumes : New England from Long Island Sound 
to Eastport, under stones at low-water mark. 

2. Onghidoris Blainville. Body depressed; head with a veil in 
place of oral tentacles; gills pinnate, set in a circle and non-retractile: 
23 species. 

0. bilamellata (L.). Body elliptical, brownish or pink in color, 
covered with short, unequal papillae; gills 20 to 25 in number, slender 
and arranged in an oval; length 25 mm.; width 12 mm.: Atlantic coast, 
north of Cape Cod; often common; Europe. 

0. pallida (Agassiz). Body elongate, cream-colored, covered with 
large mushroom-like tubercles ; gills form a star of 7 or 8 broad plumes, 
which are retractile; 12 mm. long, 6 mm. wide: Cape Cod northwards, 
from low-water mark to 30 fathoms; Europe. 

3. Aoakthodorzs Gray. Body convex, covered with soft papillae; 
oral lobes united to form a veil; gills united at the base and non- 
retractile: 4 species. 

A. stellata Verrill. Body broad, narrower behind, covered with 
small pointed papillae; gills composed of 7 bipinnate plumes; color 




Pig. 765 
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variable, often purplish; length 25 mm.; width 12 mm.: Long Island 
Sound and northwards, under stones at low-water mark. 

Division 3. JEOUDIOIDEA. 

Simple unbranched cerata on each side, into which liver projections 
extend and which often contain nematocysts; anus usually on right 
side: 9 families. 

Key to the families of JEolidioidea here described : 

a, Numerous cerata, in transverse rows 1. Mojjdjdax 

Oj One longitudinal row of cerata on a side 2. Dotonidae 

Family 1. ^OLIDIDAE. 

Cerata arranged in transverse rows along the body, which contain 
nematocysts, which, however, have been introduced with the hydroids 
on which the animals feed; no spicules in integument and no mantle; 
tentacles non-retractile ; anus on the right side : 100 species, the animals 
feeding largely on hydroids and bryozoans. 

Key to the genera of jEolididae here described : 

o, Body broad, being at least a third as broad as long 1. Moub 

o, Body usually less than a quarter as broad as long. 

b t The 2 pairs of tentacles unequal in length. 

. c, Front angles of foot not prolonged. 2. JEolidia 

Cj Front angles of foot prolonged 4. Cobtphella 

6, The 2 pairs of tentacles of equal length 3. Flabellina 

1. JEolib Cuvier. Body ovate; cerata cylindrical and numerous, 
extending along the entire back; 2 pairs of cylindrical tentacles: 
numerous species. 

A. papilloaa (L.) (Fig. 766). Body broad, depressed, 
tapering behind, gray or orange-colored, spotted with 
brown or white; cerata crowded, arranged in 12 to 20 




imbricated oblique rows on each side and 10 or 12 in 
a row; length 7 cm.; width one-third the length: Rhode 
Island to Arctic Ocean, among hydroids and under stones 
between tide lines ; Europe. 

2. JEolidia Cuvier. Tentacles of unequal length; 

,. Fig. 766 

cerata compressed, in transverse, rather distant rows: 4 Jfiou* papulosa 

^ ' (Gould), 

species. 

A. pilata (Gould). Body elongate, 38 mm. long, 6 mm. wide, pale 
drab in color with a mid-dorsal, interrupted carmine stripe margined 
with silvery dots; cerata fusiform, in 5 groups: Long Island Sound to 
Massachusetts Bay. 

A. diversa (Couthouy). Body elongate, tapering to a point, pale 
yellow in color; oral tentacles long and slender; dorsal tentacles shorter; 
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eerata fusiform with an orange-colored interior, arranged in transverse 
groups of 3 or 4 ; length 30 mm. ; width 8 mm. : Cape Cod, northwards. 

3. Flabellzna Cuvier. Body slender; rhinophores laminated; oral 
tentacles elongate; eerata on compressed stalks: several species. 

F. bostonien&is (Couthouy). Body drab in color with a silvery line 
on the tail and the back of the oral tentacles; eerata curve backwards, 
arranged in 5 or more groups on each side, white-tipped ; length 25 mm. ; 
width 7 mm.: Cape Cod and northwards. 

4. Oo&yfeella Gray. Front angles of foot elongated to form long 
lobes: 18 species. 

0. gymnota (Couthouy). Body slender and tapering to a point, 
white in color; oral tentacles longer than the dorsal, which have wrinkled 
sides; eerata arranged in 6 to 10 transverse clusters, with a vermillion 
interior and white tips; length 25 mm.; width 3 mm.: Woods Hole to 
Boston. 

0. mananensis (Stimpson). Body white in color; eerata vermillion 
with white tips; rhinophores brown and wrinkled; length 35 mm.: Cape 
Cod and northwards. 

Family 2. DOTONIDAE. 

Cerata tuberculated and in a single row on each side, numerous, 
without nematocysts; tentacles retractile; foot very narrow; a simple 
veil in front : 4 genera. 

Doto Oken. With the characters of the family: 4 species. 

D. coronata (Gmelin) (Fig. 767). Body slender; 
brown or pink in color, but variable; 12 mm. long; 
cerata large, club-shaped, 5 to 8 on a side, with red 
ism trr® spots: New Jersey to Labrador in shallow water, on 
Bryozoa and hydroids; often common. 




Division 4. ELYSIOIDEA. 



A * 



Pig. 767 „ , 

Doto coronata Cerata either present, when they receive extensions 

a, dorsal aa- of the liver, or absent; jaws absent; radula with but 
pect ; B, one „ 

of the cerata. one row of teeth : 3 families. 

Key to the families of Elysioidea: 

Ox Cerata present 1. Hebilsidab 

a, Cerata absent 

b x Two lateral ridges present 2. Elysudab 

b t Ridges absent 3. Limapontiidae 

Family 1. HERALEIDAE. 

Cerata present; 1 pair of tentacles, non-retractile or absent; anus 
dorsal and median: 4 genera. 
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1. Aldebia Allman. Body elongate, without tentacles; head with 
lobes at the side; anus dorsal, posterior: 4 species. 

A. harvardiensis (Agassiz) (Fig. 768). Body square and broad in 
front, tapering behind; cerata short, arranged in 6 or 7 clusters on each 
side with 2 in each cluster; color brownish-yellow; length 12 mm.; 
width 4 mm.: in shallow pools, north of Cape Cod; often common. 

2. TEROZPE8 Cuvier. Foot rudimentary; cerata in a single row 
on each side; tentacles cylindrical: several species. 

T. despectus Johnston. Four club-shaped cerata on each side; 
dorsal tentacles long, oral tentacles short: Long Island Sound north- 
wards; often abundant on hydroids in shallow water. 

Family 2. ELYSIIDAE. 
Body without cerata, but ciliated, and with 2 lateral ridges, con- 
taining hepatic ca&ca; radula with a single series of strong teeth; eyes 
on the sides of the head; anus median or latero-dorsal : 15 species. 





Fig. 768 Fig. 769 Fig. 770 

Fig. 7QS—Alderia harvardienrts (Gould). Fig. IGto—Blyaia chlorotica (Gould). 
Fig. 770—Elysia catula (Gould). 

1. Eltsia Risso. Body elliptical, depressed ; wing-like ridges wide ; 
2 rather short, thick tentacles: 7 species. 

E. chlorotica (Agassiz) (Fig. 769). Body slender, bright green in 
color, dotted with white and red spots, 40 mm. long, 8 mm. wide; ridges 
broad, folding over the back, overlapping when the animal crawls, and 
expanded, leaf-like, when it swims: New Jersey to Boston, in shallow 
and brackish water; often abundant. 

E. catula (Ag.) (Fig. 770). Body elongate, brownish-green in 
color, with a few whitish spots, 6 mm. long and 2 mm. wide; ridges when 
folded do not overlap: New Jersey to Boston; common among eel 
grass and shallow water. 

Family 3. LIMAPONTIIDAE. 

Body minute without lateral expansions or cerata; sides of head 
with ridges; anus median and posterior: 6 species. 

Lxxafontxa Johnston. Eyes on the lateral cephalic crests : several 
species. 
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L. zonata (Girard). 
bands: Massachusetts. 



Body reddish in color with transverse white 



Order 2. PULMONATA.* 

Fresh-water and land snails (Fig. 771). Small snails, in most of 
which the shell is a simple, regular spiral The aperture of the shell (Fig. 
772) is more or less circular or crescentic and usually rather small, and is 
sometimes contracted by the presence of teeth or lamellae (7). It has an 
outer lip or peristome (4) which is either acute or expanded, and an inner 
or parietal lip (towards the axis of the shell) which may be either thick- 
ened or not. Arion and Limax have no outer shell, but rudiments of one 
are embedded in the wall of the mantle, while Philomycus is altogether 
shell-less. An operculum is not found, but many land snails close the 
aperture, on beginning their hibernation, by means of a partition of cal- 





Fig. 771 

Fig. 771 — ffeliw aspersa (Lang). 1, genital pore; 2, posterior tentacle, with an 
eye at its tip ; 8, anterior tentacle ; 4, pedal gland ; 5, respiratory pore ; 6, anas ; 
7. collar. Fig. 772 — Diagram of a pulmonate shell (Walker). 1. suture; 2, apex; 
2-8, height or length of shell ; 3, spire ; 4, lip ; 5-10, width of shell ; «, aperture ; 
7, parietal tooth ; 9, umbilicus. 

cified slime called the epiphragm. The mantle cavity has an anterior 
position, except in the Onchidiidae, the opening to the outside being a 
small pore on the right side of the body (Fig. 771, 5), which can be closed 
at will in order to keep out the water in the aquatic species and prevent 
desiccation in the terrestrial ones. Ctenidia are not present and aerial 
respiration is carried on by the vascular inner lining of the mantle cavity. 
The aquatic species are no exception to this rule, but must in most cases 
come to the surface of the water to obtain atmospheric air; young indi- 
viduals, however, and the adults of a few species which live in the depths 
of deep lakes, take water into the mantle cavity, and thus respire. 

The head bears either one or two pairs of tentacles. In the aquatic 
pulmonates but one pair is present (Fig. 776), which are not hollow or 
retractile and have a pair of eyes at their base; while the land pulmonates 
have two pairs of tentacles (Fig. 771), at the tips of the posterior 
and larger pair of which are the eyes. The jaw is composed of either 

• See "Land and Fresh-Water Shells of North America," Parts 1 and 2, by W. Q. 
Binney, Smithsonian Misc. Coll., No. 143 and 194, 1865. "Manual Am. Land Sheila,** 
by same, Bull. 28, TJ. S. Nat. Mns., 1885. 
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a single or of several pieces, but never of two symmetrical pieces; the 
radula is broad, often nearly as broad as long, with many transverse 
rows of very numerous teeth. These rows are either straight, curved, or 
angulated. The pulmonate tooth has a broad base and a recurved and 
either spine-like or dentate crown. 

The pulmonates are hermaphroditic animals, a single protandric gonad, 
the hermaphroditic gland, being present. The aquatic forms have two 
genital pores, while most land pulmonates have but one. The genital 
tract is considerably more complex in some forms than in others. A few 
snails bear living young, but most of them lay eggs, those of the land 
forms having calcareous shells and being deposited in the ground and 
other moist places, while those of the aquatic forms are surrounded by a 
transparent jelly. 

The majority of the Pulmonata live on the land, either on the ground 
among decaying leaves, in rotting wood, or in other dark moist places, or 
sometimes among the foliage of trees and shrubs. The aquatic forms are 
found on vegetation or on muddy or sandy banks in streams and fresh- 
water ponds and lakes; a few are marine. A few pulmonates are car- 
nivorous, feeding on other snails and other small animals, but the great 
majority live on vegetable substances. About 19,000 species of pulmonates 
are known, which are grouped in two suborders. 

Key to the suborders of Pulmonata: 

Ox Aquatic pulmonates ; but 1 pair of tentacles 1. Basommatophora. 

a, Land pulmonates ; 2 pairs of tentacles 2. Stylommatophora 

Suborder 1. BASOMMATOPHORA. 

Fresh-water, or in a few cases marine or terrestrial, snails with 
but 1 pair of tentacles (Fig. 776), which are solid and usually flattened, 
and at the base of which are a pair of eyes; shell delicate, usually with 
a conical spire and a large aperture ; 2 genital pores, usually on the right 
side of the body, the male opening near the tentacle, the female opening a 
little farther back, near the respiratory opening; ureter passes directly 
forward from the kidney (Orthurethra) : cosmopolitan, there being about 
4,000 species, grouped in 11 families. 

Key to the families of Basommatophora here described: 

a, Shell spiral. 

6, Inner lip of aperture toothed 1. Auriculidar 

b t Lip smooth, 
c, Spire raised. 

d x Shell right-handed 2. Lymn^idaf 

d t Shell left-handed 3. Phtsidae 

c, Spire discoid 4. Planobbidab 

o» Shell conic, not spiral 5. Ancyltoae 
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Family 1. AUBICULIDAE. 

Shell spiral with a horny periostracum ; lower whorl usually very 
large with an elongated aperture which has folds on the parietal wall and 
usually teeth on the outer lip; head projects snout-like in front of the 
cylindrical tentacles: several hundred species, which live largely in salt 
marshes, principally in tropical countries; about 20 American species. 

Key to' the genera of AuricuUdae here described: 

a, Spire of shell at least as long as its aperture. 

ft t Shell not minute 1. Phttta 

o a Shell minute 2. Cabychium 

a. Spire much shorter than the aperture 3. Melampus 

1. Phttia Gray. Shell conical with a pointed spire; aperture with 
1 to 5 teeth on the parietal wall; jaw slightly arched, smooth, with a 
slight median projection; foot with a transverse groove: several species, 
principally Mediterranean, 1 American. 

P. myosotis (Draparnaud) (Fig. 773). Height 8 mm.; diameter 4 
mm.; horn-color with a reddish sutural line: marine; Nova Scotia to 



v 



Fig. 773 Pig. 774 Fig. 775 

Fig. 778— Phvtia myosotis (Verrtll). Fig. 774 — CarycMum exiguum (Baker). 
Fig. 775 — Melampus lineatus — a banded individual (Verrtll). 

Chesapeake Bay, also at San Francisco, near high-water mark along the 
shore, being common in crevices of wharfs; an European species, perhaps 
imported. 

2. Oartohtuic O. F. Muller. Shell very thin and like a Pupa in 
form; aperture oval with 1 or 2 teeth on parietal wall; jaw smooth: 
about 15 species, principally European; terrestrial. 

0. exiguum (Say) (Fig. 774). Height 1.75 mm.; diameter .75 mm.; 
color of shell white, with 4Vfe whorls: under and in logs and moss in 
moist places in eastern and central states; Oregon; common. 

3. Melamptxb Montfort. Shell with a very short, blunt spire and a 
very large lower whorl; aperture long and narrow; inner lip with 
several transverse folds; outer lip acute: 120 species, mostly tropical; 
amphibious or found in brackish water; 4 American species. 

M. lineatns Say (Fig. 775). Shell 13 mm. long and 7 mm. thick, 
horn-color or reddish-gray, with 4 or 5 revolving bands when young, 
aperture with a white callus and a prominent tooth on the parietal wall : 
among the grass of salt marshes, near high-water line, from New England 
to Texas; common. 
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Family 2. LYMN^IIDAE.* 

Shell thin, usually with a prominent acute spire and a large, often 
flaring aperture, varying from horn-colored to black; lip acute and 
simple; parietal wall of aperture with a white callus which entirely or 
partially covers the umbilicus; tentacles flattened; eggs laid in a jelly; 
radula with unicuspid central tooth: several genera with several hun- 
dred species, inhabiting ponds, swamps, and streams in all parts of the 
globe, but principally in temperate regions; about 35 species in the 
United States. 

Ltxhjba Lamarck. Jaw composed of 3 pieces, 1 large transversely 
elongate piece and 2 small ones ; foot rounded behind : over 200 species, 
65 American. 

Key to the species of Lymnaa here described : 
<*! Shell more than 25 mm. long. 

6 t Spire long and slender L. btagnalis 

6, Spire short. 

Cx Aperture about half the length of the shell L. mega so ma 

c, Aperture almost or quite as long as the shell L. auriculabia 

a, Shell less than 20 mm. long. 
ft, Aperture about half the length of the shell or longer. 
c x Shell with 4 whorls. 

<Z, Parietal callus straight, l L. columella 

d % Parietal callus with a slight fold or angle in the middle. . .L. catascopium 
c, Shell with 5 or 6 whorls. 

d x Shell 15 mm. long L. obbussa 

d % Shell 8.5 mm. long L. humilis 

6, Aperture less than half the length of shell. 

Cx Shell very long and slender, aperture elongate L. befleza 

c t Shell not unusually slender. 

d x Shell 30 mm. long or less L. palustbis 

d t Shell 15 mm. long or less with heavy spiral lines *.L. capebata 

L. stegnalis (L.) (Fig. 776). Spire of shell long and slender, with 
an acute apex; aperture flaring; whorls 6; length 60 mm.; width 25 mm.: 
circumpolar, being found in the northern states from the Atlantic to the 
Pacific; often common in ponds; the largest species; Europe. 

L. columella Say. Shell extremely thin and fragile, greenish or 
yellowish in color, with 4 whorls, of which the last is large and forms 
nearly the whole shell; length 17 mm.; width 6 mm.; aperture ovate: 
central and eastern states; often common in stagnant and miry pools 
and streams. 

L. megaaoma Say. Shell thick, with a short spire; length 40 mm.; 
thickness 25 mm. : northern states from Vermont to Michigan. 

L. reflexa Say (Fig. 777). Shell long and slender, fragile, with 6 
to 7 whorls; aperture rather narrow; length 40 mm.; width 13 mm.: 

* Bee "Lymneidae of North and Middle America/' by F. C. Baker, Chicago 
Acad. 8ci., Special Pub. No. 3, 1011. 
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northern states from New York to the Pacific, also in the middle central 
and western states; often common. 

L. palnstrifl (0. F. Miiller) (L. elodes Say) (Fig. 778). Shell from 
pale brown to black in color, elongate, conical, with an acute apex which 
is sometimes broken off and with rather more than 6 whorls, which are 
decidedly convex; aperture shorter than the spire with an acute lip and 
a white callus on the parietal wall; length 30 mm.; width 12 mm,: 
circumpolar; northern America; the commonest species; Europe. 

L. obrussA Say. Like the above, but shell with only 5 whorls and 
a larger aperture, and very much smaller: New England to Kansas; 
California; common about the muddy margins of ponds. 





Pig. 776 Pig. 777 Pig. 778 

Pig. 776— Lymnaa stagnate (Baker). 1. foot; 2, tentacle. Fig. 777 — Lymruza rtfjtm* 
(Baker). Fig. 778 — Lymiura palustris (Baker). 

L. cataacopium Say. Shell broad and robust, usually reddish or 
blackish with 4 to 5 whorls, the last large and very convex, with a large, 
flaring aperture; length 17 mm.; width 12 mm.: northern and central 
states; common in large rivers and lakes. 

L. humilis Say. Shell small, thin, and transparent, with 5 or 6 
whorls, 8.5 mm. long, regularly conical and somewhat elongate, variable 
in color, sometimes blackish; distinct umbilicus present: entire eastern 
and central America, on the muddy banks of streams. 

L. auricularia (L.). Shell large, with a very short, acute spire 
and a very large, ear-shaped aperture, which takes up almost the whole 
shell; length 33 mm.; width 25 mm.: an European species, introduced 
locally in many eastern localities. 

L. caperata Say. Shell rather solid, yellowish to black in- color, 
with 5 to 6 whorls, with numerous minute revolving lines, 15 mm. long, 
7 mm. wide: New England to California and northwards. 

Family 3. PHTSIDAE. 

Shell sinistral, thin, with an acute spire, a large lower whorl, and a 
large oval aperture, with an acute lip and a wide callus on the parietal 
wall; jaw a single piece, foot pointed behind; tentacles filiform: over 
150 species; cosmopolitan; about 22 in this country; in swamps and 
ponds. 
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Key to the genera of Physidae here described : 

Ox Margin of mantle digitate 1. Physa 

o, Margin of mantle simple 2. Aplexa 

1. Physa* Draparnaud. Mantle reflected over a portion of the 
shell and fringed with finger-like filaments: 100 species. 
Key to the species of Physa here described : 

a, Whorls 5 or 6. 

6, Aperture three-f oorths the length of shell or more P. sati 

o t Aperture two-thirds the length of shell or less P. otrina 

a, Whorls about 4. 

6, Spire very short P. ancillaria 

b a Spire acute P. heterostbopha 

P. sayi Tappan. Shell with 5 or 5V 2 whorls, with an elevated, acute 
spire and with numerous impressed spiral lines; aperture large, three- 
fourths or four-fifths the length of the shell; length 22 mm.; width 13.5 
mm. : northern states, west to Rocky Mountains, south to Ohio River. 





Fig. 770 Pig. 780 

Fig. 779 — Physa gyrina (Baker). Fig. 780 — Phyta heterottropha (Baker). 

P. gyrina Say (Fig. 779). Shell an elongate cone with 5 or 6 whorls, 
with numerous impressed spiral lines; aperture more than half but less 
than two-thirds the length of the shell ; length 23 mm. : Mississippi valley, 
the commonest species in the central states. 

P. ancillaria Say. Shell with 4 or 5 whorls, a very short spire, and a 
very large bulging lower whorl; aperture almost as long as the shell; 
color pinkish or yellowish ; length 14 mm. ; suture inconspicuous : eastern 
and northern states, often common. 

P. heterostropha (Say) (Fig. 780). Shell smooth and polished and 
without spiral lines, with 4 whorls, the first very large, the others very 
small, with an acute apex; aperture large, elongate, and three-fourths 
the length of the shell; color yellowish-brown or blackish; length 14 
mm.; breadth 8.5 mm.: entire country; the commonest species in the 
eastern states. 

2. Aplexa Fleming. Mantle not reflected over the shell and with 
a simple edge: several species. 

• See "A Revision of the Physae of North Eastern Illinois," by F. C. Baker, 
Nautilus. Vol. 14, p. 16, 1900. "The American Physae," by O. A. Crandall, Nautilus, 
Vol. 15, Nos. 3, 4, 5, 6, 1901. 
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A. hypnorum (L.) (Physa elongata Say) (Fig. 781). Shell elongate, 
with 6 whorls, yellow or brown in color, 17 mm. long and 8 mm. wide; 
aperture narrow, about half the length of the shell : circum- 
polar; on muddy bottoms. 

Family 4. PLANOBBIDAE. 

Shell sinistral and discoidal, having a flat or depressed 

Fig. 781 spire, in some cases apparently dextral; tentacles fib- 

h c$££ ru \ i form; radula with biscuspid central teeth; genital pores 

on the left side ; jaw composed of 3 pieces : 170 species ; in 

streams, ponds, and lakes, on muddy bottoms or on submerged objects 

or vegetation. 

Key to the genera of Planorbidae here described : 

Ox Interior of whorls without teeth 1. Planoebis 

a, Interior of whorls with teeth 2. Segmenttna 

1. Plahorbis L. Shell discoidal and sinistral, the spire being flat- 
tened or sunken, with 3 to 5 whorls; umbilicus large and wide; lip simple 
and acute: over 150 species; cosmopolitan, but found mostly in temperate 
regions ; 26 American species. 

Key to the species Planorbis here described : 

a, Shell sinistral and about 12 mm. wide or more. 

6 t Aperture not flaring P. trtvolvis 

6, Aperture flaring. 

c, Keeled on both sides P. bicarinatus 

c, Keel on one side P. caicpanulatus 

(it Shell apparently dextral and about 6 mm. wide. 

6, Periphery acutely keeled P. exacutus 

6, Periphery rounded. 

Ct Aperture deflected upwards P. deflectus 

c, Shell hirsute P. hibsutus 

c* Shell regular and smooth P. parvus 

P. trivolvis Say (Fig. 782). Shell sinistral, yellowish or brown, 
with 4 whorls; spire sunken; aperture large, with a sharp and simple 
lip, which has a Y-shaped angle above; umbilicus 
showing almost all of the whorls; height 9 mm.; ^<?- c ? 
width 22 mm. : North America ; the commonest species. 

P. bicarinatus Say. Shell sinistral, deeply con- ^_ 

cave on both sides, pale yellow or brown, with 3 * 

Fie. 782 
whorls, 6 mm. high and 12 mm. broad, keeled on both PlanorM» trivoiri* 

sides ; aperture large : northern and central states ; A, upper surface ; 

B, under surface, 
south to Georgia and Kansas; California. 

P. campanulatus Say. Shell sinistral, flat, with 4 whorls; aperture 

flaring and bell-shaped; height 7 mm.; breadth 14 mm.: northern and 

central states. 
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P. exacutUB Say (Fig. 783). Shell apparently dextral, with an acute 
periphery, 4 whorls, white or light yellowish in color; 6 mm. wide: 
northern states, south to Kansas. 

P. deflectua Say (Fig. 784). Shell apparently dextral, with a blunt 
keel at the periphery, and 4 whorls, the largest whorl being deflected 
from the plane of the others: North America, south to Washington. 



^S> <^2D C^D 

Fig. 783 Fig. 784 Fig. 785 

Fig. 783— Planorbia ewacutus (Baker). Fig. 784— PlanorbU dcflectu* (Baker). 
Fig. 785— Planorbia parvus (Baker). 

P. hirsutus Gould. Shell brownish, with 3 whorls; surface beset 
with revolving lines of delicate hairs; aperture large and very oblique; 
diameter 5 mm.: circumpolar; south to Washington. 

P. parvus Say (Fig. 785). Shell apparently dextral, with a rounded 
periphery and yellowish to blackish in color, with 4 whorls; 5 mm. in 
diameter; periphery rounded: North America; very 
common, especially on water plants. /T0j 

2. Seombhtiha Fleming. Shell sinistral, discoidal, (^0**V._^/ 
with a flattened or sunken spire, furnished internally _. _ gfl 

with transverse partitions or teeth ; lip simple : but few armff mm (Bl^ i 
species, principally in the Old World. 

S. armigera (Say) (Fig. 786). Shell flat on the upper and concave 
on the lower side, with 4 whorls; 5 internal teeth present, far within 
the aperture, which nearly close the passage; diameter 6 mm.; height 
2.5 mm.: North America; often abundant; sometimes gregarious. 

Family, 5. ANCYLlDAE. 

Shell thin, non-spiral, conical, with the apex median or directed to 
the right, and an oval aperture; jaws 3, covered by papillae; tentacles 
triangular, with eyes at their base: 8 genera and about 60 
species; cosmopolitan. 

Avoyltxb Geoffroy. River limpets. With the characters 
above given : 16 American species. 

A. parallelus Haldeman. Shell elongate, with the sides 

Fig. 787 parallel and the ends blunt, with apex nearly in the center, 

TivvXaris dark green in color; 5 mm. long and half as wide: New 

England, on stones and leaves in brooks and ponds. 

A. rivularifl Say (Fig. 787). Shell oval, horny, white within, 6 

mm. long; apex obtuse, nearer to and leaning towards one side and one 

end: eastern states, sometimes common on dead shells and stones. 
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Suborder 2. STYLOMMATOPHORA.* 

Land snails with 2 pairs of retractile tentacles, the hinder and larger 
pair bearing a pair of eyes at their tips (Fig. 771) ; shell absent or con- 
cealed in the slugs, and in the other forms usually with 4 to 6 whorls 
which form a more or less conical spire (Fig. 772) ; respiratory pore on 
the right side of the body (Fig. 771, 5), with the anal and excretory pores 
near it; either 2 (Ditremata) genital pores or 1 (Monotremata) ; in the 
latter case, which characterizes all the American families except the 
Onchidiidae, the pore is near the base of the right hinder tentacle (Fig. 
771,1); ureter passes either directly forward from the kidney towards 
the anterior margin of the lung (Orthurethra), or is reflexed, passing 
first to the posterior end of the lung cavity (Sigmurethra) : about 20 
families, with about 15,000 species. The American forms fall into several 
distinct groups. These are (1) the indigenous American snails, including 
almost all those species occurring east of the Sierra Nevada and Cascade 
mountains; (2) the boreal species, certain small northern forms of cir- 
cumpolar distribution; (3) the Pacific slope species, which have migrated 
there from Asia by way of Alaska; (4) the European species, introduced 
by human agency; and (5) the southern species, which have entered the 
country from Central America and the West Indies. 

Key to the families of Stylommatophora here described: 

a, Shell present 
6, Shell with a high spire, being conical or cylindrical, not heliciform 
(except Strobilopa) . 

c x Shell more or less cylindrical, pnpiform (Fig. 788) 2. Pupiujdae 

c, Shell conical ; with an acute apex. 
d x Jaw present. 

Cx Spire very small, composed of 2 or 3 whorls 5. Succinhdae 

e, Spire high, composed of 5 or more whorls. 

/x Jaw smooth ; shell glossy 3. Cochxioopidae 

/, Jaw ribbed ; southern animals 8. Bulimuudae 

d t Jaw absent 10. Oleacinidae 

6, Shell heliciform (Fig. 772) or depressed (except Sphyradium) . 
o, Shell with a wide lip. 

dx Shell minute, less than 3 mm. in diameter 4. Valijoniidae 

d t Shell not minute, more than 6 mm. in diameter 6. Helicidae 

c, Shell with a thin lip. 

dx Jaw without a median projection 7. Endodontidae 

d % Jaw with a median projection. 

e, Teeth of radula thorn-shaped, in V-shaped rows 9. Cibcinajuidae 

e^ Teeth both thorn-shaped and bicuspid and in straight rows. . U. Zonttidae 

• See "Nomenclature and Check List of North American Land Sheila," by H. A. 
Pilsbry, Proc Acad. Nat. Sd. f Phila., 1889, p. 191. "Preliminary Outline of a New 
Classification of the Helices," by H. A. Pilsbry, same, 1892, p. 387. "Guide to the 
Study of the Helices,"' by H. A. Pilsbry, Vol. 9, Ser. 2, Man. of Conchology, 1894. 
"A Classified Catalogue of Am. Land Shells with Localities/' by H. A. Pilsbry, 
Nautilus, Vol. 11, pp. 45 et seq., 1897-98. "On the Zool Position of Partula and 
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a, External shell absent ; slugs. 

6, Animals marine 1. ONOHIDIIDAE 

6, Land animals. 
c» Mantle confined to forward part of body. 

dt Body with a mid-dorsal keel ; jaw smooth 12. Limacidae 

rf, No keel or an indistinct one ; jaw ribbed. 13. Abionidae 

Cm Mantle covers entire back 14. Philomtcidae 



Family 1. ONCHIDIIDAE. 

Shell wanting; body ovoid, with no tentacles but with the eyes at 
the tips of a pair of stalks; mantle entirely covers the back; respiratory! 
anal, renal, and female genital pores at the hinder end of the body; male 
pore below the right eye stalk : 3 genera and species, which live mostly in 
shallow water along the seashore in warm countries, 2 on the Pacific coast. 

Onchidella Gray. With the characters given above. 

0. carpenter! Binney. Body oblong with rounded extremities and 
sides, and gray in color; no jaw; 5 mm. long and 3 mm. broad: Puget 
Sound to Gulf of California. 

Family 2. PUPILLIDAE.* 

Small, often minute snails, with a more or less cylindrical or conical, 
blunt, multispiral shell; aperture small, usually contracted by internal 
teeth or lamellae; jaw smooth or finely striate, sometimes with acces- 
sory plate; umbilicus open; ureter straight: cosmopolitan; over 1,000 
species, which live under or in decaying wood or leaves, usually in 
moist places; 50 American species. 

Key to the genera of Pupillidae here described : 

a, Shells pnpiform (Fig. 788). 
&i Aperture without teeth, or with but 1 or 2. 

c x Shell cylindrical 1. Pupilla 

c, Shell elongate and tapering 2. Pupoides 

6, Aperture with teeth, 
c, Outer lip regularly rounded ; 4 tentacles. 

d, No tooth on columella % 1. Pupilla 

d, One or more teeth on columella 3. Bifidabia 

c, Outer lip indented above the middle ; 2 tentacles 4. Vertigo 

a, Shell heliciform (Fig. 772) 5. Stbobilops 

1. Pupilla Leach. Shell minute, with impressed sutures, horn- 
color, and smooth; aperture with no teeth or with but 1 or 2 small 
ones and with an expanded and reflected lip; whorls 5 to 9; posterior 

Achatlnella," by H. A. Pllabiy, Proc. Acad. Nat 8d., Vol. 52, p. 561, 1900. 
"Molluska of Michigan, Part 1, Terrestrial Pulmonata," by Bryant Walker, Rep. 
Oeol. Sor., Mich., for 1905, p. 431. 

• See "A Partial Revision of the Pupae of the United States/' by H. A. Pilsbry 
and B. O. Vanatta, Proc Acad. Nat Set, Phlla., Vol. 52, p. 582, 1900. 
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tentacles long; anterior tentacles very short: cosmopolitan; numerous 
species, 6 American, mostly in the West. 

P. mnscornm (L.) (Fig. 788). Shell stout, cylindrical, with 6 or 7 
whorls; aperture nearly circular, either without or with 1 or 2 teeth; 
length 4 mm. ; breadth 1.5 mm. : North America ; circumpolar. 

2. Pupoxdks Pfeiffer. Shell rather slender and tapering, with 6 or 
7 whorls, smooth and shining; aperture ovate, without teeth: in all 
continents except Europe; 3 American species. 

P. marginatUB (Say) (P. fallax Say) (Fig. 789). Jaw strongly 
arched; umbilicus deep; length 5 mm.; diameter 2 mm.: United States, 
east of the Rocky Mountains. 

3. Bzfzdabza Sterki. Shell conical or ovate, smooth or finely 
striate; aperture dentate with usually a large bifid parietal lamella, 2 
lipfolds, and a basal tooth; additional teeth sometimes present: about 
22 American species. 

Key to the species of Bifidaria here described : 

Ox Aperture almost edentate 8. oobticabia 

a, Aperture with prominent teeth. 

b x Aperture nearly closed by 4 or 5 large teeth B. abmifera 

6, Aperture with 5 to 9 smaller teeth B. pentodok 




4 



Fig. 788 Fig. 789 Fig. 790 

uscorum (Morse). Fig. 789 — Pupoides i 
Fig. 790— Bifidaria corticaria (Binney). 



Fig. 788 — PupUla muscorum (Morse). Fig. 789 — Pupoides marginatum (Binney). 
~" "~ -"- 3inne 



B. corticaria (Say) (Fig. 790). Shell white, shining, cylindrical, 
with an obtuse apex; whorls 5 to 6, convex; aperture with but 1 or 2 
teeth on parietal wall, or none, and a very blunt tooth on the columellar 
wall ; length 2.5 mm. ; diameter 1 mm. : eastern states, to the Mississippi 

B. armifera (Say) (Fig. 791). Shell cylindrical, with 6 to 7 whorls; 
aperture with a wide rim and 4 to 6 teeth, the parietal lamellae large, 
irregular, with 1 or 2 projecting points; columellar lamella thick and 
situated deep in the aperture; lipfolds 2; length 4.5 mm.; diameter 22 
mm. : from the Atlantic to the Rocky Mountains. 

B. pentodon (Say). Shell conical, white, whorls 5, convex; aper- 
ture with a broad rim and with 8 teeth, the parietal and inferior lip 
lamella curved to the left; length 2 mm.; diameter 1 mm.: America. 

4. Vertigo Drapamaud. Shell ovate or conical, with 4 to 6 convex 
whorls; apex obtuse; aperture with a narrow, white rim, the outer lip 
of which is usually straightened or indented at its upper third; with 
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4 to 7 teeth; anterior tentacles absent: a circumboreal genus, with 
about 36 American species. 

Key to the species of Vertigo here described : 

a, But 1 parietal tooth V. ventrioosa 

a, Two parietal teeth. 

o, Shell over 2 mm. long V. ovata 

h % Shell about 1 mm. long V. milium 

V. ovata Say (Fig. 792). Shell ovate, dark amber-colored, smooth, 
and shiny ; outer lip of aperture indented ; 6 to 12 teeth, 2 or 3 parietal, 
2 columellar, and 2 to 6 on the lip; length 2.2 mm.; diameter 1.5 mm.: 
North America; the commonest species. 

V. ventricosa (Morse). Shell ovate, smooth, and polished, with 4 
whorls; lip of aperture with a deep indentation; teeth 5, 1 parietal, 2 







Fig. 701 Fig. 792 Fig. 793 

Fig. 791 — Bifldaria armifera (Blnney). Fig. 792 — Vertigo ovata (Morse). 
Fig. 793— Vertigo milium (Morse). 

columellar, and 2 on the lip; length 1.7 mm.; diameter 1.1 mm.: north- 
eastern and north-central America; California. 

V. milium (Gould) (Fig. 793). Shell ovate and very minute; dark 
amber in color; lip of aperture indented; teeth 6 to 8, 2 parietal, 2 
columellar, 2 on lip, the upper one being large and sharply bent down- 
wards at its inner end ; length 1.4 mm. ; diameter 
.8 mm. : America, east of the Mississippi River 

5. Stbobilops Pilsbry. Shell more or less 
helicif orm with 5 or 6 striated whorls ; parietal 
wall with several entering revolving lamellae: ^^thTcV ovaiiSJ)! B5|f ' 
5 American species. 

8. labyrinthica (Say) (Fig. 794). Shell with 6 whorls, 2.1 mm. 
wide and 1.6 mm. high, with 3 parietal lamellae, each of which has 
swellings at regular intervals: eastern and central states. 

Family 3. COCHLICOPIDAE. 

Shell elongate, slender, conical, without umbilicus; aperture eden- 
tate, rounded, or lengthened; ureter straight: 200 species, cosmopolitan. 

Ooohlioopa Ferussac. Shell smooth and glossy; jaw slightly 
arched, without ribs and with a median projection: 2 American species. 
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0. lubrica (0. F. Muller) (Fig. 795). Shell 6 mm. high, with 6 
whorls, and yellowish in color: circumpolar; often common under dead 
leaves or decaying bark. 

Family 4. VALLONIIDAE. 

Shell minute, with a low depressed spiral, widely umbilicate, con- 
sisting of 3 or 4 whorls, the last of which is large and cylindrical; 
ureter straight: 1 genus. 

Vallonia Risso. Aperture edentate, round; peristome reflected 
and white ; jaw with numerous slight transverse ribs : 9 American species. 






Fig. 795 Fig. 796 Fig. 797 

Fig. 795 — CochUoopa lubrica (Blnney). Fig. 796— Vallonia pulchella (Sterkl). 
Fig. 797 — Vallonia costata (Sterkl). 

V. pulchella (0. F. Muller) (Fig. 796). Height 1.3 mm.; diameter 
2.6 mm.; shell thin, light colored, and transparent: circumpolar; north- 
ern states; often very common, under sticks, stones, and logs and in 
other dark, damp places. 

V. costata (Mull.) (Fig. 797). Height 1.3 mm.; diameter 2.7 mm.; 
shell with regularly recurring transverse ribs; color gray: circumpolar; 
northern states. 

Family 5. SUCCINEIDAE. 

Shell very thin, with a small spire and a large, often flaring aper- 
ture; anterior tentacles very small or wanting; jaw with an accessory 
quadrangular median piece : 6 genera, 3 American. 

Stxooihea Draparnaud. Shell fragile and transparent and not too 
small to contain the body; tentacles short and thick; foot broad; ureter 
reflexed: 200 species, on plants in wet places; 25 American species. 

Key to the species of Succinea here described : 

a\ Aperture occupying the greater part of the shell. 

b x Aperture wide and oblique S. ovalis 

6, Aperture long, narrow, and straight S. retusa 

a, Aperture round, occupying a little over half of the shell S. avaba 

8. ovalis Say (8. obliqua Say) (Fig. 798). Shell ovate, pale green 
or yellowish and shining, and minutely striated, with 3 whorls; spire 
small ; aperture oblique and very large ; length 28 mm. : eastern and cen- 
tral America ; very common. 
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S. retuaa Lea (8. ovalis Gould). Shell ovate, with 3 whorls, light 
yellowish or grayish and shining and minutely striate; spire short; aper- 
ture long and narrow ; length 19 mm. ; width 7 mm. : eastern and central 
states. 

S. a vara Say (Fig. 799). Shell elongate, 
with a long spire, yellowish, rosy, or greenish ; 
whorls 3; suture very deep; length 11 mm.; 
width 4.5 mm. : North America ; common ; often 
under wet logs. 



Family 6. HELICTDAE. 




Fig. 798 



Fig. 799 



Fig. 798 — Succinea ovalis 
(Blnney). Fig. 799 — Succi- 
nea avara (Baker). 



Shell with a rather low conical spire and 
consisting of 5 to 7 whorls; aperture either 
simple or with teeth, and with a wide re- 
flexed lip; teeth of radula bicuspid and tricuspid; ureter reflexed; foot 
without marginal grooves : about 30 genera and several thousand species. 

Key to the genera of Helicidae here described : 

€H Dart sac, genital mucous glands, and flagellum present (Fig. 800) . .1. Helix 
a, Dart sac, genital mucous glands, and flagellum absent (Fig. 801) .2. Polygyra 

1. Helix* L. Shell heliciform (Fig. 772); jaw with prominent 
ribs; 1 or 2 dart sacs, genital mucous glands, and flagellum present 
(Fig. 800), although these organs may be rudimentary: many hundred 

species in the Palearctic re- 
gion; poorly represented in 
America. 

H. aapersa 0. F. Miiller 
(Fig. 771). Shell yellowish 
or grayish, with brown re- 
volving bands of varying 
widths; lowest whorl very 
large; aperture large, round, 
without teeth ; height and di- 
ameter 22 mm. : an European 
species, which has been found 
in Portland, Maine, Charles- 
ton, S. C, and other places; 
California. 
H. pomatia L. French snail. Edible snail. Shell rather thin, 5 
cm. long and wide, yellowish-brown in color, often with several broad 
revolving bands; aperture without teeth; narrow, deep umbilicus pres- 

• See "Land and Fresh Water Mollusks of Yucatan and Mexico/ 1 by H. A. Pllsbry, 
Proc. Acad. Nat Sd. t Phila., 1891, p. 313. 




Fig. 800 — Portion of the genital organs of 
[ellx (Klngsley). 1, genital pore ; 2, penis: 
3, flagellum ; 4, proximal portion of sperm duct 



6, proximal portion of oviduct; 6, proximal 
portion of spermatbeca ; 7, mucous glands ; 8, 
dart sac. 
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ent: an European species, introduced into New Orleans and other places: 
imported into New York for food. 

H. hortensis (Mull.) (Fig. 802). Shell yellowish, usually striped 
with several revolving dark hands; aperture without teeth; peristome 

white; umbilicus closed; height 12 
^-h , mm.: an European species, introduced 
K^ ^ eBig ^ Brn jj ew England. 

H. nemoralis L. Like the above, 
-l-H ^/ " ? W ^* n D * ac k Peristome: an European 

~~ species found at Burlington, N. J., and 

in Virginia in trees. 
7*""~^I2^«^ \/ i3£22&KY H. calif orniensis Lea. Shell vari- 

m ->V"*//ln^^ ft k* e * n s ^ ia P e &n & c°l° r > globose, thin, 

A \Hm an( j transparent, shining, pale yel- 

lowish, with a narrow, brown, re- 
volving band, paler at its edges; 

„, fiM fl U1 ■ m _ , height 15 mm. ; diameter 19 mm. : 

Pig. 801 — Genital organs of Polygyra ° ' 

(from Walker). 1, genital pore; 2, California, 
sperm duct ; 3, oviduct ; 4. albuminous 

aland; 5, hermaphroditic duct; 6, 2. POLTGYBA Say. Shell helici- 

nermaphrodltic gland; 7, retractor 
muscle ; 8 spermatheca ; 9, penis. form (Fig. 722) ; aperture usually 

dentate, 1 tooth being parietal and 2 
on the tip, but they may be absent; jaw with about a dozen promi- 
nent ribs; dart sac, genital mucous glands, and flagellum absent (Fig. 
801); foot without marginal grooves: a North American genus with 
125 species, which are most often found in moist and more or less open 
woodlands. 

Key to the species of Polygyra here described : 

(h Aperture tridentate. 

&! Aperture distinctly ear-shaped P. auriformis 

6, Aperture not ear-shaped. 

c x Umbilicus open P. tridentata 

o a Umbilicus closed. 

<Z, Diameter exceeding 20 mm P. paixiata 

d, Diameter less than 15 mm P. inflect a 

a. Aperture unidentate. 
o & Aperture broad and more or less circular. 

c, Umbilicus open P. thyboidks 

c, Umbilicus closed P. albolabhib 

6, Aperture very narrow. 

Ci Surface of shell hirsute P. hibsuta 

c, Surface smooth P. monodon 

a, Aperture edentate. 

b x Shell without spiral lines P. albolabris 

6, Shell with spiral lines. 

Cx Umbilicus open P. profunda 

c % Umbilicus closed P. multhjnbata 
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Fig. 802 



Fig 803 



Fig. 802— HeUx Kortenrt* (Blnney). Fig. 803— 
Polygyra auriformls (Blnney). 



P. aurifonnifl (Bland) (Fig. 803). Shell white or yellowish, stri- 
ated, with a very short spire, umbilicus open; aperture ear-shaped, con- 
tracted by 3 prominent teeth; height 6 mm.; diameter 11.5 mm.: Texas 
to Georgia; very common. 

P. hirsute (Say). Shell brownish and covered with rigid hairs; 
aperture very narrow, being contracted by an elongated tooth on the 
parietal wall; umbilicus 
closed ; height 5 mm. ; diame- 
ter 9 mm.: New England to 
Kansas, south to Virginia. 

P. monodon (Rackett). 
Shell yellowish, umbilicus open 
or closed, aperture lunate, 
with an elongate tooth on the 
parietal wall ; peristome white, reflected ; height 6 mm. ; diameter 11 mm. : 
eastern and central America; common, generally in groups of about a 
dozen. 

P. profunda (Say) (Fig. 804). Shell depressed, with a wide umbili- 
cus, and with numerous narrow revolving dark lines; color brownish 
or yellow; height 15 mm.; diameter 30 mm.: central states; abundant. 
P. tridentata (Say). Shell with low, depressed, yellowish spire, 
with 5% whorls and open umbilicus ; aperture with 3 teeth ; 8 mm. high ; 
16 mm. in diameter: eastern North America. 

P. palliate (Say). Shell dark brown, 
with 5 whorls; aperture with white peri- 
stome and 3 teeth; umbilicus closed; height 
10 mm.; diameter 21 mm.: eastern North 
America. 

P. inflecte (Say). Shell, brown in color, 
striated, umbilicus closed; aperture con- 
tracted with 2 acute teeth on the inner 
margin of the peristome, and a long low 
tooth on the parietal wall; height 6.6 
southern and central states west of the 





Fig. 804 

F!g. 80- 
Baker). 
albolabris (Baker) 



Fig. 805 

_ Polygyra profunda 

(Baker). Fig. 805 — Polygyra 



mm.; diameter 12 mm.: 
Alleghenies. 

P. albolabris (Say) (Fig. 805). Shell yellowish-brown in color, 
with 5 or 6 whorls; umbilicus closed; aperture without teeth or with a 
slight one on the parietal wall; peristome flat, white, and very widely 
reflected; height 24 mm; diameter 30 mm.: usually very common in 
eastern and central United States. 

P. multilineata (Say). Shell yellowish-brown, striped with numer- 
ous narrow revolving dark bands; aperture without teeth; peristome 
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narrow; umbilicus closed; height 14 mm.; diameter 23 mm: America 
west of the Alleghenies and south of central Michigan. 

P. thyroides (Say) (Fig. 806), Shell depressed, thin, yellowish- 
brown; aperture with a prominent white tooth on parietal wall; umbili- 
cus narrow and partially covered by the reflected peri- 
stome; height 18 mm.; diameter 22 mm.: eastern and 
central America. 

Family 7. ENDODONTIDAE. 
Shell conical or depressed, ribbed or striated, usually 
with brown markings, and with open umbilicus; lip thin 
and sharp, usually without teeth: 4 American genera. 
Key to the genera of Endodontidae here described: 
a x Jaw composed of a single piece. 

Pofit/vfu 6 > Spire raised » but low *• Pybamtduia 

thyroides b t Shell discoid 2. Helicodiscus 

(Baker). ^ j aw composed f numerous overlapping pieces; shell 

heliciform (Fig. 772) 3. Punctuic 

1. Pyhamiduxa Fitzinger. Shell with 5 or 6 whorls and a wide 
umbilicus; aperture rounded and large, usually without teeth; foot with 
marginal grooves which meet behind; dart sac, mucous genital glands, 
and flagellum absent; jaw not ribbed, but striated: cosmopolitan; about 
12 American species. 

Key to the species of Pyramidula here described : 

O] Shell without prominent transverse ribs. 
&! Shell color with markings. 

c x Shell with 2 or 3 revolving bands P. solitabia 

o f Shell with broken, irregular transverse bands. P. alternata 

ft, Shell color plain .P. pebspectiva 

o, Shell with prominent transverse ribs P. asteriscus 

P. solitaria (Say) (Fig. 807). Shell elevated, white 
or reddish, striped with 2 or 3 broad revolving brown Fig. 807 

bands; height 19 mm.; diameter 25 mm.: America, north solitaria 

of the Ohio River; Oregon and Washington. 

P. alternata (Say). Shell depressed, yellowish, with oblique and 
broken red bands; height 10 mm.; diameter 21 mm.: eastern and central 
America; abundant in decaying logs and other damp places; gregarious. 

P. perspective (Say). Shell flattened, thin, brownish; aperture 
small, often with a single small tooth; height 3 mm.; diameter 8 mm.: 
eastern and central America, but not east of the Alleghenies north of 
Maryland. 

P. asteriscus (Morse). Shell very flat, with 25 or 30 prominent 
transverse ribs on the whorls; height .5 mm.; diameter 1.5 mm.: New 
England and Canada; California. 
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2. Heucodiscttb Morse. Shell disc-shaped, with the spire fiat, and 
the umbilicus broad and shallow, the last whorl with 1 or more internal 
teeth; jaw crescentic, with a median projection: 2 American species. 

H. parallelus (Say) (H. lineatus Say) (Fig. 808). Height 1.5 mm.; 
diameter 4 mm., with parallel, raised, revolving lines: eastern United 
States, living under leaves, loose bark, etc. 

3. Pttncttto Morse. Shell depressed and discoidal, small or minute ; 
aperature large, with a thin lip and without teeth; jaw composed of 
16 to 19 separate quadrate plates: circumpolar; 6 American species. 

P. pygnuemn (Draparnaud) (Fig. 809). Umbilicus open; shell 
minute; height 1 mm.; diameter 1.5 mm.: eastern United States. 

Family 8. BULIMULIDAE. 

Shell elongate, with a high conical spire; aperture elongate, eden- 
tate; jaw arched with prominent ribs; radula with central tricuspid 
and lateral bicuspid teeth ; ureter reflezed : over 1,000 species, principally 
in tropical America. 






Fig. 808 Pig. 809 Fig. 810 

rallelua (Blnney). Fig. 809 — Punctum 
810 — BulimuluB dealoatua (Blnney). 



Pig. 808 — Helicodiscvs p<^lelu8 (Binney).F\g. 809— J*unctum pygmceum (Blnney). 



BuLliruLTrs Leach. With the characters of the family: about 6 
species in the United States, all southern. 

B. dealbatus (Say) (Fig. 810). Shell thin, white, with gray longi- 
tudinal lines, 6 or 7 whorls; aperture oval, with an acute lip; 18 mm. 
long; 12 mm. thick: southern states, north to North Carolina and Mis- 
souri; common. 

Family 9. CERCINARIIDAE. 

Shell either internal or external and heliciform, thin, 
with a wide umbilicus, depressed, with 5 whorls; aperture 
large, with a somewhat thickened lip ; jaw crescentic, stri- 
ated, with a median projection; radula with long thorn- g 
like teeth, the animals being carnivorous; ureter reflexed: drdnoria 
12 American species, all on Pacific slope but one. (Baker). 

CntciNARiA Beck. Shell external: several species. 

C. concava (Say) (Fig. 811). Height 8 mm.; diameter 17 mm.; 
color whitish: eastern and central states. 
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C. vancouverensis Lea. Height 14 mm.; diameter 31 mm.; eolor 
yellowish: Washington, Idaho, and northwards. 

Family 10. TESTACELLIDAE. 

Shell variable in shape, animal long and slug-like; jaw absent; 
radula with long thorn-like teeth, the animal being carnivorous; ureter 
reflezed: about 12 genera. 

1. Txbtaoslla Cuvier. Shell very small and rudi- 
mentary, and ear-shaped, and carried on the back near the 
hinder end : 7 species, principally in western Mediterranean 

'// 1 \ 9 countries. 

/{{IN 

[f f|g T. haliotoidea (Ferussac). Length of shell 7 mm.; 

gilvjJB breadth 4.5 mm.; body of animal 5 times as long: green- 
" houses in Philadelphia and other cities, where it feeds on 

worms, snails, etc. 

2. Euglaxdina Ferussac. Shell tall and conical, 
Eugiand?na w ^h 6 to 8 whorls; tentacle-like lip on each side 

(Binney). °f mouth: tropical America; 4 species in the southern 
states. 
B. rosea Fer. (E. truncata Gmelin) (Fig. 812). Shell 37 mm. long or 
more and 13 mm. thick, and fluted with longitudinal ridges: South Caro- 
lina to Texas; it leads a semi-aquatic life, feeding largely on snails. 

Family 11. ZONITIDAE. 

Shell thin and delicate, usually depressed, often very small; usually 
with umbilicus; jaw smooth or nearly so, with a median projection; 
aperture large with a thin lip; foot with marginal. grooves and caudal 
mucous gland; ureter reflexed: cosmopolitan; 65 American species, which 
live under dead leaves, rotting logs, and in other similar places. 

Key to the genera of Zonitidae here described : 

<*! Dart sac and mucous genital glands absent 

b x Whorls 2 or 3 ; no umbilicus 2. Vitbina 

6, Whorls 4 or more ; usually with umbilicus. 
Cx Spire depressed. 
dx Shell 15 mm. or more in diameter, smoky in appearance. . .1. Omphaltna 

d, Shell small, glassy in appearance 3. Viteea 

Ct Spire high 4. Euoonulub 

a, Dart sac and genital mucous glands present (Fig. 800). 
b x Internal teeth or a calcareous deposit on floor of largest whorl. 

6. Gastbodonta 
6, No internal teeth ; umbilicus wide 5. Zonitoidbs 

1. Omphaliha Raflnesque. Shell striated above, smooth below, with 
umbilicus; last whorl dilated; aperture broad, with an acute lip: about 
14 species, all North American. 
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0. fuliginosa (Griffith) (Fig. 813). Shell depressed, thin, glossy, 
and dark colored, with 4% whorls and with a deep umbilicus; height 13 
mm. ; diameter 26 mm. : eastern and central 

2. Vitbiha Draparnaud. Shell small, fc^B^ fT**^ 
not entirely enclosing the animal, with a " " 7 " * 1 " f ^ \* \ m s 
low spire, thin and shining, and 2 to 3 Pig. 818 Fig. 814 
whorls, the last large, with a large aperture Pig. 813— Om&hoUna f*Uff*- 
and a thin lip: cosmopolitan; 100 species, 3 rina Umpida (Binney). 
American, all northerly. 

V. Umpida Gould (Fig. 814). Height 3 mm.; diameter 6 mm.: 
western Pennsylvania, and to the west and north of it. 

3. Vztbxa Fitzinger. Shell thin, smooth, and shining, depressed 

with 4 to 6 whorls; animal black dorsally: 21 American 
species. 

V. hammonis (Strom) (Fig. 815). Shell with a nar- 
row umbilicus, brownish in color; 2.5 mm. high and 5 mm. 
wide: entire country, south to South Carolina; common; 
Europe. 

^'trea V. indentata (Say). Shell highly polished, without 

^bSIS25£ umbilicus, but with umbilical region indented; 2.5 mm. 
high and 5 mm. wide: entire country. 

4. Evoovttlvb Reinhardt. Shell with a very narrow umbilicus 
or with none, with rather high spire of 5 or 6 whorls : 3 American species. 

XL fulvus (0. F. Miiller) (Fig. 816). Shell smooth and shining, 
light yellowish in color; 3 mm. high and 4 mm. in diame- 
ter; color of animal black: circumpolar; entire country; 
very common. 

5. Zohitozdss Lehmann. Shell depressed, with wide 
umbilicus, smooth or ribbed, shining; aperture large, 
without teeth; long dart sac present: 15 American ^Soi^t 

******* («. 

Key to the species of Zonitoides here described: 

Ox Surface of shell smooth. 

6» Diameter 7.5 mm Z. icitida 

6, Diameter 5 mm Z. abbobta 

o, Surface striated or ribbed ; shell minute. 

b x Surface striated Z. MINUSCULA 

6, Surface folded and reticulated Z. ioliux 

Z. nitida (0. F. Muller). Shell elevated, with polished, yellowish 
surface and 5 whorls; 3.6 mm. high and 7.5 mm. in diameter; animal 
black: northern states and Canada; common on the banks of streams; 
Europe. 
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Z. arborea (Say). Shell depressed, amber-colored, polished, with 5 
whorls; deep and narrow umbilicus; 2.75 mm. high and 5 ™™ in diam- 
eter; head and neck black, rest of body white: entire country, the com- 
monest species, living gregariously under bark, leaves, etc. 

Z. minuscula (Binney). Shell depressed, with 4 whorls, with a very 
wide umbilicus; aperture circular, with an acute lip; height 1 mm.; 
diameter 2.5 mm. : entire United States ; common. 

Z. milium (Morse). Shell depressed, with a broad umbilicus, stri- 
ated, with 3 whorls; height .5 mm; diameter 1.5 mm: entire United 
States; common. 

6. Gastkodovta Albers. Shell usually with an umbilicus, with 
5 to 7 whorls and yellowish in color; aperture lunate, with an acute lip, 
either with internal teeth not reaching the margin or thickened by an 
internal calcareous deposit ; animal black, with a long dart 
sac and mucous genital glands: 19 American species. 

G. suppress* (Say). Shell depressed, with a large 
whorl, thin; aperture rather large; lip thickened by a 

Fig. 817 white deposit within it and with 1 or 2 parallel ridges; 

Gastrodonta 

Ugera height 5 mm.; diameter 8 mm.; umbilicus small or 

rudimentary: eastern and central states. 
G. ligera (Say) (Fig. 817). Shell with a rather high spire; aper- 
ture thickened within; height 10 mm.; diameter 15 mm: central states. 

Family 12. LIMACIDAE. 

Slugs. No external shell present, but a rudimentary shell in form 
of a thin calcareous plate in the mantle; body elongate and tapering; 
mantle not extending back of the middle of the body; jaw without ribs 
and with a median projection; ureter reflexed: about 20 genera and 
several hundred species, which live in gardens and woods, in moist places, 
and are nocturnal in their habits ; 6 American species. 

Key to the genera of Limacidae here described : 

Ox Large slugs, with spots 1. Ltmax 

a. Small slugs, unspotted 2. Aobiolimax 

1. Ltmax L. Body tapering and keeled behind, terminating with a 
point; jaw with blunt ends: cosmopolitan. 
Key to the species of Ltmax here described : 

<h Spots white L. flavub 

a, Spots and blotches black L. maximxts 

L. flavus L. Color yellowish or brownish, with oblong uncolored 
spots; body covered with long, narrow tubercles; head bluish; length 85 
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Fig. 818 — lAmaw mawimus (Baker). 
?spiratory pore; 3, anterior t 
tacles ; 5, eye ; 6, genital pore. 



respiratory pore; 3, anterior tentacles; 4, posterior ten- 
"clei " ----------- 




mm. or more : an European species present locally in many places in the 
eastern states. 

L. maximufl L. (Fig. 818). Color gray, with alternate longitudinal 
rows of spots and 
stripes of black, re- 
placed by irregular 
blotches on the man- 
tle; dirty white be- 
low ; body covered 
with coarse, elon- 
gated tubercles; 

length 16 cm. : an European species present locally in many places in the 
eastern states; California. 

2. Agkiolxxax Morcb. Body keeled behind and unspotted; jaw 
with blunt ends : animals live under stones and decaying wood and feed 
on leaves, etc.; they can suspend themselves by 
threads of mucous from bushes and trees. 

A. campestris (Binney) (Fig. 819). Color uni- 
formly grayish or amber, often blackish; upper 
surface covered with prominent tubercles, not flat- 
tened ; mantle oval ; mucous watery ; length 25 mm. : 
common in eastern and central America, under logs, 
damp leaves, etc. ; California. 
A. agrestis (L.). Upper surface covered with flat, gray, or brown 
tubercles, separated by darker-colored anastomosing grooves; mantle 
pore bordered with white; mucous milky; length 25 to 50 mm.: eastern 
America; California; an European species locally present in many 
Dlaces. 

Family 13. ABIONH)AE. # 

Slugs. No external shell, but the small shield-like mantle usually 
encloses a calcareous rudiment of one; body elongate, limaciform; jaw 
with prominent ribs; foot with marginal furrows; ureter reflexed: 4 
genera ; about 15 American species, mostly on the Pacific slope. 

1. Abiok F6rus8ac. Body ending obtusely behind; back covered 
with elongated tuberosities arranged in rows, and not keeled; mantle 
oval and covered with granulations containing calcareous particles, 
which represent the shell; mantle pore anterior: 25 species, all in the 
Old World. 

A. horternds Fer. Color gray or yellowish or black ; length 5 cm. : an 
European species, which occurs locally in New England and other places. 

• See "Revision of North American Slugs," by H. A. Pllsbry and E. G. Vanatta, 
Proc Acad. Nat 8d., Pblla., 1896, p. 339 ; also 1898, p. 219. 



Fig. 819— Agrioli- 
mas campetttris (Bin- 
ney). 1, mantle; 2, 
posterior tentacles. 
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2. Abiouxax Morch. Body tapering and somewhat keeled: 6 
species, all on the Pacific slope. 

A. columbianus (Gould). Color greenish-yellow, sometimes blotched 
with darker patches; length 15 cm.: Washington, Oregon, and Califor- 
nia, in damp forests. 

A. niger Cooper. Color nearly black, sometimes gray; length 5 cm.: 
central California. 

Family 14. PHILOMYCEDAE. 

Slugs. No internal or external shell; body limaciform, with the 

mantle covering the entire back and tapering behind; no caudal mucous 

pore; ureter reflezed: 2 genera; 5 American species. 

1. Phxlokyctob Ferussac Jaw 

smooth, strongly arched and with a 

median projection ; respiratory pore 

near the head; foot with marginal 
Fig. S20—PhOomychu» oarolinenri* (Bin- _„,.„. 
ney). 1, mantle ; 2, respiratory pore. groove?}. 

P. caroliniensis (Bosc) (Fig. 
820). Color whitish with dark spots and blotches; length 7 cm.: eastern 
and central states, in forests in trees, under bark, or in rotten wood, being 
partial to basswood. 

2. Pallxfeba Morse. Jaw with stout ribs on its anterior surface, 
and without a median projection. 

P. dorsalis (Binney). Color ashy, with an interrupted mid-dorsal 
line; jaw with 9 ribs; length 18 mm.: northeastern and central states. 

P. hemphilli (Binney). Color black; jaw with 4 or 5 ribs: central 
states; rare. 

Order 3. PEOSOBBANCHIATA. (Streptoneura.) 

Mostly marine snails, in which the ctenidium lies in the mantle cavity 
at the forward end of the body (Fig. 828,1) and in front of the heart 
In a few primitive forms (Zygobranchiata) a pair of ctenidia is present. 
The Helicinidae and Proserpinidae are without gills and the ctenidium is 
replaced by a lung, the animals beng terrestrial. Near the ctenidium 
in the inner surface of the mantle is the hypobranchial gland, which, 
in Murex and Purpura, becomes the purple gland; its function is un- 
known. With rare exceptions the animal is provided with a shell, which 
is often of large size and is sometimes very thick and heavy, and in 
many forms very beautifully marked and colored. The operculum is 
almost invariably present, and is either calcareous or horny, and either 
spiral or annular. 
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The foot forms a broad sole, except in the Heteropoda: in a few 
forms it can envelop the shell (Natica). The head, which often projects 
snout-like forwards, bears a single pair of non-retractile tentacles and a 
pair of eyes, which are either at the base of or on the tentacles or at the 
tips of stalks of their own. The higher prosobranchs are distinguished by 
the possession of a proboscis, which can often be thrust out far in advance 
of the animal, and also a siphon, which is formed by a prolongation of the 
anterior margin of the mantle, and in many snails lies in a characteristic 
prolongation of the shell called the anterior or siphonal canal (Fig. 872, 1). 
Paired jaws are present in the non-carnivorous forms, the carnivorous 
ones being destitute of jaws. The radula varies much among the different 
groups and is wanting in the Gymnoglossa. 

The nervous system is strep toneurous, the pleurovisceral connectives 
crossing each other. The sexes are separate, the male being usually dis- 
tinguished by a slenderer shell. The eggs are laid usually in capsules 
(Fig. 879), which vary much among the various forms, and are often 
attached to rocks or other objects. Littorina deposits its eggs in a jelly. 
The fresh-water Viviparidae bear their young alive. 

The Prosobranchiata include about 27,500 living species, mostly marine, 
which are grouped under two suborders. 

Key to the suborders of Prosobranchiata: 
Ox Gill bipectinate (Fig. 821, B) or absent, shell without siphonal canal 

(Fig. 872, 1) 1. SCUTIBBAIfCHIATA 

c, Gill monopectinate (Fig. 821, G) 2. Pecthobbanc&iata 



Suborder 1. SCUTIBRANCHIATA. (Aspidobranchiata; Diotocardia.) 

Snails with a primitive 
structure, a pair of ctenidia 
being present in the Zygo- 
branchiata, and in all others 
the bipectinate ctenidia, 
where present, projecting 
freely anteriorly (Fig. 
821, B) ; 2 auricles and 2 kid- 
neys generally present, the 
gonad opening to the outside 
through the right kidney (except in the Neritidae) ; proboscis, siphonal 
canal, and penis absent: 17 families, grouped in 2 divisions, inhabiting 
the sea, fresh water, and the land. 

Key to the divisions of Scutibranchiata: 

Ot Shell conical and not spiral, and without a slit or hole 1. Docoolossa 

e, Shell mostly spiral, but when not so with slits or holes, , . .2. RmnDOGLoaaA 




A, pan _, _. 
bipectinate, and C, monopectinate gills (Lang). 
1, branchial vein; 2, auricle; 3, ventricle; 4, 
aorta. 
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Division 1. DOOOOL088A. 

Limpets. Shell conical and not spiral; 2 osphradia; 1 auricle; 1 
ctenidium or none ; mantle margin often fringed (Patella) ; jaw median 
and unpaired; no operculum; radula very long, with but few hooked 
teeth in each transverse row: 3 families, with 1,500 species, all marine 
and occurring mostly in shallow water. 

Family ACMiEIDAE. 

Ctenidium present, projecting from the left to the right; apex of 
shell usually inclined anteriorly: 1 species on the Atlantic and several 
on the Pacific coast. 

Acicjea Eschscholtz. Shell solid and not iridescent within; ten- 
tacles rather long and cylindrical; anus on the right; lips frilled and 
elongated at the lower anterior corners; radula with 2 
centrals; mantle margin not fringed: about 40 species. 

A. testudinalis (L.). Common limpet (Fig. 822). Shell 

depressed, smooth, gray or greenish in color, with dark 

brown stripes radiating from the apex; inner surface 

whitish, with a large brown spot; length 35 mm.; width 

25 mm. ; height 9 mm. : circumpolar, south to Long Island 

Acmaa Sound and to Sitka ; common north of Cape Cod on rocks 

(Verriif). ^ shallow water; a smaller, narrow, spotted variety 

(A. alvea Conrad) is attached to eel grass; Europe. 

A. patina Eschs. Shell 53 mm. long, 46 mm. wide, and 18 mm 

high; surface with radiating striations, grayish; inside white, with a 

large, brown central area: entire Pacific coast; the commonest Cali- 

fornian limpet. 

Division 2. RHEPIDOGLOS8A. 

Shell usually spiral, the spire being in most cases low and little coiled ; 
jaw paired; radula long; teeth, 1 central, 3 to 9 laterals, and very many 
crowded marginals; 1 or 2 ctenidia; 2 auricles; 2 kidneys: 14 families, 
in the sea, fresh water, and on the land, grouped in 2 subdivisions. 

Key to the subdivisions of Rhipidoglossa: 

Ox Shell and mantle with slits or holes ; 2 ctenidia 1. Zygobranchiata 

o, Shell without slits or holes ; 1 ctenidium 2. Azygobranchiata 

Subdivision 1. ZYGOBRANCHIATA. 

Shell and mantle with a marginal or an apical slit, or with marginal 

holes; 2 ctenidia (Fig. 821, A) : 3 families, all marine. 

Key to the families of Zygobranchiata described : 

Ci Shell patelliform (like Fig. 822) 1. Fissubjcllidae 

o, Shell spiral and flat ; aperture very wide 2. Hauotidai 
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Fig. 823 

Fissurella 

barbadensis 

(Rogers). 



Family 1. FISSUBELLIDAE. 

Keyhole limpets. Shell non-spiral, conical; either anterior margin 
notched or apex perforated; 2 symmetrical ctenidia; foot very large, 
with an epipodial ridge on each side, which bears a series of cirri; no 
operculum: several hundred species. 

Fissurella Bruguiere. Apex of shell perforated; 
shell wholly external, capable of containing the whole 
animal: 125 species, mostly in warm waters. 

F. barbadensis Gmelin (Fig. 823). Shell oval, per- 
foration almost circular; surface with radiating ribs, of 
which about 11 are larger than the others ; color grayish 
inside, with alternately green and white concentric rings ; 
margin crenulated; length 37 mm.; width 24 mm.; height 9.5 mm.: 
Florida, Bermuda, and West Indies; common. 

F. volcano Reese. Shell oval ; orifice a little in front of the middle 
and oblong; color grayish, with 13 to 16 radiating purplish rays; length 
25 mm.; width 17 mm.; height 10 mm.: Santa Cruz, California, and 
southwards. 

Family 2. HALIOTIDAE. 

Ear shells. Shell ear-shaped, the spire being flat and the aperture 
enormously expanded, and perforated with a spiral series of holes near 
the left margin; no operculum; eyes on stalks near the outer base of 

the tentacles ; foot very large, 
surrounded by fringed and 
tentacled epipodia, which 
project beyond the edge of 
the shell and through the 
holes; right gill smaller than 
the left: 1 genus and about 
100 species; the animals are 
eaten in many places, and 
the shells are much sought 
after on account of their 
beauty and for use in the 
manufacture of buttons and 
buckles and for inlaying. 
Halzotis L. Abalones. With the characters of the family: Pa- 
cific and Indian oceans and Europe; about 5 species on the Pacific 
coast, living in shallow water. There is large export trade in the shells 
and flesh of these animals, the latter being dried and sent to Japan and 
China, the shells to Europe. 




Pig. 824 — Haliotes fulgent (Rogers). 



Digitized by 



Google 



532 MOLLUSC A 

H. rnfescens Swainson. Bed Abalone. Shell large and thick, 23 
cm. long, 18 cm. wide, brick red in color outside and pinkish or green- 
ish inside; 3 or 4 perforations: California, south of Cape Mendoeino; 
common. 

H. fnlgena PhilippL Green Abalone (Fig. 824). Shell thin, 15 
cm. long, iridescent green in color; about 6 perforations: California, 
south of Monterey. 

H. cracherodi Leach. Black Abalone. Shell 12 cm. long, 10 cm. 
wide, with 8 perforations, black outside: common south of the Farallone 
Islands. 

Subdivision 2. AZYGOBBANCHIATA. 

But 1 ctenidium (Fig. 821); shell usually with an elevated spire: 

marine, fresh-water, and terrestrial; 11 families. 

Key to the families of Azygobranchiata here described: 

Ox Animals marine. 
6j Operculum horny ; shell conical 1. Tbochidae 

6, Operculum calcareous. 

Cx Spire not very small 2. Tubbinidae 

c, Spire very small 3. Nebtodae 

a, Animals terrestrial or in fresh water. 

6, Spire very small 3. Nebttidab 

6, Spire not very small 4. Helicinidae 

Family 1. TBOCHIDAE. 

Shell usually conical, multispiral, with a flattened base, pearly 

inside; operculum horny, multispiral; snout short; eyes on stalks at 

outer base of the long tentacles, and fringed lobes present on the head 

and foot: about 20 genera and over 1,000 species, all marine. 

Key to the genera of Trochidae here described: 

a* Shell pyramidal. 

6, Umbilical indentation present 1. Tbochus 

6, Without such indentation 2. Calliostoxa 

W$m a* Shell conical or globose 3. Maboabita 




l 



£g&^ 1. Tbochus L. Shell pyramidal, with a flat base 

Pig. 826 Oah & n d flattened whorls; aperture small, oblique, pearly, 

S*»°Rogers?. U,a " with a thin outer Mp; umbilicus indented: 250 species, 
cosmopolitan, many with beautiful shells. 
T. niloticus L. Shell 7.5 cm. long; 9 cm. wide; thick, smooth, white, 
with brownish markings: Indian Ocean; often used as ornaments. 

2. Calliostoxa Swainson. Shell pyramidal, with a flat base, with- 
out umbilicus; interior pearly: 28 species. 
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0. annulatum Martin (Fig. &&jt* Shell 30 mm. long and wide, thin, 
light brown in color, with purple sutures: California. 

3. Mabgabxta Leach. Shell small, thin, conical or globose, with 
open umbilicus ; whorls rounded and smooth : 24 species, in colder waters. 

Key to the species of Margarita here described : 

Ox Shell solid, with 2 or 3 revolving ridges M. OBSOUBA 

a, Shell thin. 

b x Shell with regular spiral lines M. UNDulata 

b, Shell yellowish in color M. helictna 

M. obscura Couthouy (Fig. 826). Shell small, with a low, conical 

spire and brownish in color; whorls 5, with 2 or 3 revolving ridges; these 

with the coarse lines of growth give the shell an indented 

appearance; length 10 mm.; diameter 12 mm.: Long J tb^ 

Island Sound to Labrador, in rather deep water towards ^B 

the south, but in shallow water towards the north; Fig. 826 

Maraarita oft- 
common. «cnnMTryon). 

M. undulata (Sowerby). Shell thin, conical, brown- 
ish or red in color, but lusterless ; whorls 6, with short wrinkles near the 
suture, and with numerous elevated spiral lines at regular intervals; 
length 7.5 mm.; diameter 10 mm.: Cape Cod to the Arctic Ocean, from 
low-water mark to deep water; Europe; common. 

M. helicina (Fabricius). Shell small, 

fthin, light yellowish or pinkish in color, very 
bright and polished ; whorls 4 or 5, very con- 
vex; aperture large and circular; length 5 
mm.; diameter 7.5 mm.: circumpolar, south 
to Cape Cod and Vancouver; in deep water, 
but often thrown up on beaches. 
Family 2. TURBIN1DAE. 
Shell large, spiral, conical, with a large 
lower whorl and aperture; operculum cal- 
careous and spiral: 100 species, mostly 
tropical; about 8 species on the Pacific 

Fig. 827 — Turbo marmoratvs coast. 

(Roger8) - 1. Tttbbo L. Shell turbinate, with 

rounded whorls; aperture round: 76 species. 
T. marmoratus L. (Fig. 827). Green snail. Shell 11 cm. long and 
12 cm. wide; bright green, pearly inside; lip expanded, forming on the 
columella a wide extension: Indian Ocean; used extensively as an orna- 
ment and in the manufactures. 
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Family 3. NEBITIDAE. 

Shell thick, semi-globose, with a small spire and a very large lower 
whorl and aperture; operculum calcareous; cavity simple in consequence 
of the absorption of the internal portions of the whorls; animal with a 
broad, short snout; tentacles slender; eyes stalked ; epipodium not fringed: 
many hundred species, mostly marine, a few in fresh water and terrestriaL 

Kb&ita L. Shell smooth or spirally ridged ; outer lip thick, usually 
with teeth within : over 200 species, which live on rocks, feeding on algae. 

N. fulgnrans Gmelin. Shell with spiral ridges, black or gray in 
eolor; aperture white, with prominent teeth; 18 mm. long; 30 mm. wide: 
West Indies; California. 

Family 4. HELICINIDAE. 

Shell conical or depressed, heliciform, with a single cavity due to 
the absorption of the inner portions of the whorls; columella generally 
with a thick callus, which covers the umbilicus; lip thick; operculum 
oval or triangular; tentacles slender, with eyes at their base; ctenidia 
absent, the mantle cavity being transformed into a lung: over 500 
species, all terrestrial, chiefly in warm countries; about 4 species in the 
southern states (70 species in Cuba). 

Heuciha Lamarck. With the characters of the family: about 350 
species in tropical America and the Pacific islands. 

H. orbiculata Say. Shell yellowish in color, sometimes spotted, 
with 5 whorls; 6 mm. high; 9 mm. in diameter: southern states, south 
of Tennessee. 

Suborder 2. PECTINIBRANCHIATA. (Monotocardia; 
Ctenobranchiata. ) 
But one auricle, kidney, osphradium, and ctenidium present, the cteni- 
dium being monopectinate or feathered on but one side (Fig. 821, C) and 
attached to the mantle its whole length (except in Janthina and Valvata) ; 
proboscis, siphon, anterior or siphonal canal, and penis usually present; 
gonad never opens into the kidney but has a separate duct : over 50 fami- 
lies, grouped in 5 divisions and comprising most of the prosobranchs. 

Key to the divisions of Pectinibranchiata : 
a x Radula short and wide, with numerous lateral and usually no central 

teeth ; shell without siphonal canal 1. Ptenoglossa 

a, Radula long and narrow, or wanting; siphonal canal either present or 
absent. 
b x Radula with 7 teeth in each transverse row (Fig. 830) ; canal present 

or not ; the majority of species 2. Tjsnioglossa 

b t Radula and jaw wanting; shell elongate, without canal... 3. Gtmnoglossa 
6, Radula with 3 teeth in each row (Fig. 870) ; shell thick, conical, with 

canal 4. Rachiglossa 

5 4 Radula with 1 or 3 teeth in each row ; shell with an elongate aperture 

and a canal 5. Toxoulosba 
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Division 1. PTEKOOL088A. 

Shell conical or discoid, with a small, simple aperture; no siphonal 
canal; radula with or without central tooth, but with numerous small 
laterals: 3 families, all marine. 

Key to the families of Ptenoglossa here described: 

a* Animal pelagic 1. Janthinidae 

a, Animals littoral 2. Scalabiida* 

Family 1. JANTHINIDAE. 

Shell thin and transparent, heliciform; 2 free ctenidia; foot small, 
secreting a long vesicular float, which supports the animal at the surface 
of the water, and to which the eggs are attached ; when handled, the animal 
exudes a violet fluid: 12 species, in t - *f, 

warm waters, pelagic, gregarious, 
feeding largely on jellyfish. 

Janthuta Lamarck. With the 
characters of the family: about 4 
species off the Atlantic and 1 off 
the Pacific coast. 




Fig. 828 — Janthina fragilis (Cambridge 
Natural History). 1, gill; 2, tentacles; 
3, foot ; 4, float ; 5, eggs. 




Big. 820 



Fig. 830 



J. fragilis Lam. (Fig. 828). Shell 20 mm. high; diameter 25 mm.; 
color violet : tropical and pelagic, sometimes thrown up on the shores of 
New England. 

Family 2. SCALARIIDAE. 

Spiral staircases. Wentletraps. 
Shell an elongated cone, white, with 
many very convex whorls, which are 
crossed by elevated ribs; operculum 
horny; a short siphon present; the 
animal exudes a purple fluid : about 4 
genera and 200 species. 

Soalabia Lamarck. With the 
characters of the family: numerous 
species on the Atlantic coast, mostly in deep water and towards the south. 
S. granlandica Perry. Shell rather long and tapering, 25 mm. long 
and 9 mm. thick; whorls 10; ribs white, on a whitish or brown surface, 
which has 6 or 8 revolving ridges: Cape Cod to the Arctic Ocean, in 10 
to 100 fathoms; often common; Europe. 

S. lineata Say (Fig. 829). Shell long and tapering; 12 mm. long and 5 

mm. thick ; whorls 11 : Cape Cod to Florida ; common towards the south. 

S. angulata Say. Shell 20 mm. long, 8 mm. wide; whorls 6 to 11, 

touching one another only by the ribs: Long Island Sound to Texas, 

common towards the south. 



Fig. 829— Scala Uneata (Verrill). 
Fig. 830 — Radula of Vermetus (Cam- 
bridge Natural History). 1, central; 
2, lateral ; 3, marginals. 
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Division 2. TJENIOGLOS8A. 

Shell very variable in shape, with or without siphonal canal; 
radula (Fig. 830) long and narrow, with 1 central, on each side of 
which are 1 lateral and 2 marginal teeth, making 7 in each row : about 50 
families, grouped in 2 subdivisions, including most prosobrancha. 

Key to the subdivisions of Tcenioglossa: 

a* Foot with a broad sole 1. Pulttpoda 

a, Foot fin-shaped ; animals pelagic 2. Hetebopoda 

Subdivision 1. PLATYPODA. 

Shell well developed ; foot with a broad sole, with which the animals 

creep: 48 families, marine and in fresh water. 

Key to the families of Platypoda here described: 

a* Aperture rounded, without siphonal canal (Fig. 831, 2). 
6 4 Animals marine. 

Cx Shell regularly coiled or much flattened, 
dj Shell not long and slender, but more or less globose or flattened. 
e, Shell conical and with a distinct spire (Fig. 772,3). 
fx Umbilicus open (Fig. 831, 1) or more or less closed by a large callus. 

1. Natioidae 

/, Umbilicus closed 3. Littobinidae 

e, Shell either not spiral or much flattened. 

fx Spiral either absent or very inconspicuous 2. Cafuudae 

/, Shell spiral, but discoid 6. Skenexdab 

4, Shell elongate with a high spire. 

e* Shell minute, less than 5 mm. long, with 5 or 6 whorls 4. Rissoidab 

e, Shell very long, with about 10 whorls 12. Tubbitkllidae 

c, Shell with a very irregular spiral 13. Vebmetidae 

b. Animals in fresh water, 
c, Shell usually minute, less than 5 mm. long, and always less than 10 mm. 

d x Shell usually elongate and conical 5. Hydbobiidae 

d, Shell usually flattened and discoid 8. Valvatidae 

c, Shell not small, usually much more than 12 mm. long; heliciform 
(Fig. 772). 

dx Snout simple ; tentacles short 7. Vivipabidae 

rf. Snout divided into 2 long tentacular lobes ; tentacles long. 

9. Amfullabiidae 
a, Aperture elongate, with siphonal canal (Fig. 872,1). 
o, Canal short (Fig. 854), sometimes consisting only of the narrowed lower 
edge of the aperture. 

c x Surface ridged or tuberculated 10. Certthtidai 

c, Surface usually smooth 11. Pleubocebidae 

d, Canal long; aperture usually long and narrow (Fig. 859). 
Cx Spire low or hidden ; aperture nearly as long as the shell. 

dx Spire almost or entirely hidden 15. CyfBwEIDae 

d% Spire free and raised. 
ex Shell thick, with thick reflexed lips. 

fx Outer lip with a notch near the lower end 14. Stbohbidae 

f t Outer lip without a notch 17. Cassididab 

e, Shell thin, with a thin lip 16. Doliidai 

c. Spire high ; aperture not half as long as shell 18. Tbttonidab 
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Family 1. NATICIDAE. 

Shell usually globose or flattened, with a short spire; aperture round 
or lunar; lip sharp; umbilicus open, or closed by a callus; operculum 
usually corneous; foot very large and capable of being swollen by the 
taking in of sea water into open spaces and reflected back over the shell 
so as almost to cover it; tentacles small, lanceolate, wide apart, united 
by a veil; eggs deposited in a "sand collar," a thin collar-shaped lamella 
formed by agglutinating grains of sand together by means of mucous: 
several hundred species. 

Key to the genera of Naticidae here described : 

Ox Shell globose 1. Natica 

a, Shell flattened with a very large aperture. 

bx Shell ear-shaped 2. Sioabetus 

o, Shell trumpet-shaped 3. Veluttna 

1. Natica Lamarck. Shell smooth and regular, gray or brownish 
in color, with about 5 whorls; eyes wanting; umbilicus usually more or 
less closed by a large callus: over 200 species; predacious animals, liv- 
ing in the sand, where they burrow after bivalves; they envelop their 
prey in the foot and penetrate its shell, drilling a hole with the radula; 
they also devour dead fish; about 20 species on the Atlantic coast. 

Key to the species of Natica here described : 

Ox Shell over 25 mm. long. 

6, Umbilicus wide and deep N. hebos 

ft, Umbilicus nearly closed by a brown callus N. DUPLICATA 

o, Shell 15 mm. or less long. 

&! Umbilicus wide and deep N. immaoulata 

6, Umbilicus more or less covered by a white callus. 

c x Shell 8 mm. or less long N. pusiixa 

c. Shell over 10 mm. long. 

dx Shell with minute revolving lines N. gbobnlandioa 

d, Shell without revolving lines N. clausa 

N. (Polynices Mont fort) heros Say (Fig. 
831). Shell large and moderately thick; whorls 
5, convex; umbilicus large and deep; length 9 /l ; 
cm.; diameter 8 cm.; shell ash color, streaked k<%;^ 
with chestnut: Virginia to Labrador; from low- M ^iiSS 
water mark to 238 fathoms; common. 

K. (Polynices Mont fort) duplicate Say. Shell 
solid, whorls 5, flattened above; spire low; color Fig. 831 

ashy gray, tending towards brown on the upper l.umbiUcusT 2, aperture, 
side, chestnut brown within; callus very large, 

chestnut brown in color, almost filling the umbilicus; length and 
diameter 5% cm.: Massachusetts Bay to Mexico; common in shallow 
water. 
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K. puflilla Say (Fig. 832). Shell thin and small, often streaked 

with brown ; callus white, and pressed laterally into the umbilicus, which 

is nearly closed; length 6 mm.; diameter 5 mm.: Massachusetts to west 

Florida; common in shallow water. 

K. (Polynices Montfort) immaculate Totten. Shell 

solid and small; umbilicus rounded and deep, but little 

covered by the small callus; color yellowish, and white 

Fig. 832 beneath; length 7 mm.; diameter 5.5 mm.: Long Island 

N&ticQ pusilla 

(Verriii). Sound to the Gulf of St. Lawrence, in shallow water; 

often common. 

K. groenlandica Moller. Shell small, smooth, glossy, bluish-white, 
with minute revolving lines; 12 mm. long; 11 mm. in diameter; callus 
white, nearly filling the umbilicus, leaving only a narrow, curved open- 
ing: Cape Cod, northwards. 

N. clausa Broderip. Shell small, whitish or brownish, without 
revolving lines; 15 mm. long; 13 mm. in diameter; callus white, com- 
pletely filling the umbilicus; operculum calcareous: circumpolar, south 
to Cape Cod and Vancouver; common. 

2. SlOAKETTTS Lamarck. Shell fiat and ear-shaped, with a minute 
spire and an enormously expanded aperture; mantle large, partly 
or entirely covering the shell; operculum minute, horny; propodium 
enormously developed, used for 
burrowing : 100 species, 3 on the 
Atlantic coast. 

S. perspective Say (Fig. 
833) . Shell oval, flattened, white, 
smooth, and polished; 37 mm. 
long; 30 mm. wide: New Jersey Big. 833 Pig. 834 

tn TTlnriHA- nnmmnn in sYinllnw Fig. 833— fliporefo* pertpecUvu* (Rogers). 

to JMonaa, common in sftallow Mg# 834— Fc*««m» Ugvigata (Rogro). 

water. 

3. Veltttina Blainville. Shell small, thin, covered with a velvety 
periostracum ; spire minute; lower whorl large, with a circular aperture; 
no operculum: 2 species, on the Atlantic coast. 

V. laevigata (L.) (V. haliotoidea Fabricius) (Fig. 834). Shell very 
thin and fragile, transparent, pinkish; whorls 3; length 12 mm.; diam- 
eter 10 mm.: Cape Cod, northwards. 

Family 2. CAPTJLIDAE. 

Shell conical, flat, or boat-shaped, with scarcely any spiral, or 
none at all; interior with a shelf, variously formed, to which the 
adductor muscles are attached; no operculum; head distinct, with a 
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lengthened snout; the animal adheres by means of the broad foot to 

stones and shells, and does not move about : 7 genera and 160 species. 

Key to the genera of Capulidae here described : 

Ox Shell conical ; partition cup-shaped 1. Cbuctbulum 

o. Shell with a slight spiral ; partition more or less horizontal. . . .2. Crepiduul 

1. GmrciBUXTJlf Schumacher. Shell, conical and not 
spiral, with the apex directed posteriorly; shelf more or 
less cup-shaped, attached to the inner wall near the apex, 
on one side: cosmopolitan. 

0. striatum (Say) (Fig. 835). Cup-and-saucer limpet. 
Shell solid, with numerous elevated radiating lines; aper- 
ture circular; white or yellowish in color; 12 mm. in 
height and 20 mm. in diameter : Florida to Bay of Fundy ; cn&lSElm 
in 2 to 189 fathoms; common in shallow water towards fvemu?. 
the north. 

2. Okepiduxa* Lamarck. Shell oval, boat-shaped or flat, with the 
inconspicuous spire at the hinder end; shelf an internal regular plate 
in the hinder half of the shell: 50 species, in all the warmer seas; 
attached to shells, seaweed, etc. 

Key to the species of Crepidula here described : 

a, Shell convex. 

b x Shell up to 45 mm. long ; shelf white C. fobnicata 

i*"**^ J *| &» Shell 12 mm. long or less ; shelf brown G. convexa 

a, Shell flat G. plana 

i-MJ °* fornicate (L.) (Fig. 836). Shell convex, with 

one side more curved than the other; color whitish or 

pig. 836 Crejrid- brownish ; shelf concave, white ; length 45 mm. ; width 

*'" Verrtii)! 11 * 33 mm - J height 15 mm. : Nova Scotia to South America, 
in shallow water, very abundant ; Europe. 
0. convexa Say. Shell very convex, the short side being nearly 
vertical; color whitish or brownish; shelf deep-seated, convex, brown 
in color, with a white edge ; length 12 mm. ; width 8 mm. ; height 4 mm. : 
Nova Scotia to Florida, in shallow water; not so abundant as the above; 
Pacific coast. 

0. plana Say. Shell flat or concave, with a minute apex; white and 
polished inside ; length 40 mm. ; width 25 mm. : Maine to Texas ; common 
in shells from low-water mark to 487 fathoms. 

Family 3. LITTOBINIDAE. 

Shell spiral and conical; lip not notched; aperture round, interior 

not pearly; operculum horny and spiral; head projecting, tentacles 

• See "The sfmbryology of Crepidula/' by E. G. Conklin, Jour. Morpn., VoL 13, 
1897. 
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conical, with eyes at their base : several hundred species, in salt, brack- 
ish, and fresh water, some being amphibious; they are mostly littoral, 
and feed on algae, on which they are found. 

Key to the genera of Littorinidae here described : 

Ox Shell thick and solid ; no umbilicus 1. Lutokjjia 

a, Shell thin 2. Lacuna 

1. Lxttorxva Ferussac. Periwinkles. Shell conical, thick and 
solid, with 4 to 6 whorls; lip acute; no umbilicus; foot longitudinally 
divided, each side advancing alternately when the animal moves; radula 
2 or 3 times the length of the animal: 175 species, cosmopolitan; in 
shallow water; more or less amphibious. 

Key to the species of Litiorina here described : 
Ox Shell not smooth and shining, 
o, Shell with revolving color bands. 

Ox Bands continuous L. utobea 

c. Bands broken L. ibborata 

6, Shell without color bands L. budis 

o, Shell smooth and shining L. paixiata 

L. litorea (L.). The edible periwinkle (Fig. 837). Shell not smooth, 
dark brown, yellowish, or reddish in color, with dark spiral bands; inte- 
rior white or brown ; length 25 mm. ; width 16 mm. : Europe, where it is 
an article of food; recently introduced on our Atlantic coast, and now 
very common as far south as Delaware Bay. 






Fig. 887 Fig. 838 Fig. 839 

Fig. 837— Uttorina litorea (Leunis). Fig. 838— Littorina rudis (Verrlll). 
Fig. 839 — Lacuna vincta (Verrlll). 

L. rudis (Donovan) (Fig. 838). Shell very solid and thick, with 
usually spiral ridges and grooves, whitish to red or black in color, with 
sometimes spiral bands; shell very variable in color and texture; length 
14 mm.; width 10 mm.: New Jersey to the Arctic Ocean; very common; 
Pacific coast; Europe. 

L. irrorata (Say). Whorls flattened, yellowish-white or green in 
color, with numerous revolving ridges which are spotted with short 
brown lines; throat white; length 25 mm.: Vineyard Sound to Florida, 
very common towards the south. 

L. palliata (Say). Shell small with a low spire; surface smooth 
and shining; color yellow, brown, or red, sometimes spirally banded; 
length 15 mm.: New Jersey to the Arctic Ocean; very common; Europe. 
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2. Lacuna Turton. Shell conical and thin with about 5 whorls, 
with a long umbilical groove along the columella leading to a deep 
umbilicus: 16 species. 

L. vincta (Montagu) (Fig. 839). Shell gray or yellowish in color, 
with 2 dark bands on the upper whorl and 4 on the lower one, which 
may be wanting; length 12 mm.; diameter 7 mm: circumpolar, south 
to Long Island Sound and Puget Sound; very common; Europe. 

Family 4. RI8SOIDAE. 

Shell small, spiral, turreted; aperture regularly rounded, with a 
slightly-expanded lip; operculum horny; eyes at the base of the ten- 
tacles; epipodium with filaments: marine or brackish water; over 200 
species, principally towards the south. 

BlSSOA Freminville. Shell minute, conical, multispiral, white in 
color: 75 species, mostly in the north temperate zone in 
deep water. 

E. minuta (Totten). Shell thin and polished, with 5 
whorls and an obtuse apex; color yellowish, which is 
usually coated with a green pigment ; length 4 mm. ; diam- p. g40 
eter 2 mm. : New Jersey to Gulf of St. Lawrence ; common ^fymmi**" 
on seaweed and under stones. 

B. aculeus (Gould) (Fig. 840). Shell thin, with 6 whorls, light yel- 
lowish in color, with microscopic revolving lines ; length 4 mm. ; diameter 
1.7 mm.: Long Island Sound to Greenland; common on seaweed. 

Family 5. HYDROBIIDAE. 

Shell small, usually elongate and conical, with a pointed spire; 
aperture rounded; operculum corneous or calcareous; umbilicus usually 
open: about 80 species, in fresh and brackish water; cosmopolitan. 

Key to the genera of Hydrobiidae here described: 

Ox Shell ovate. 
b x Umbilicus closed. 

c x In eastern and central states 1. Btthiioa 

c, On Pacific slope 3. Fluminicola 

b t Umbilicus open. 

Ct Spire well developed 2. Amnicola 

c, Spire very low 4. Somatogtbus 

o, Shell elongate. 

ftt Umbilicus narrow and deep 5. Pomatiopsis 

6, Umbilicus absent or very shallow 6. Paludbstrina 

1. Btthiwia Gray. Shell conical, thin, covered with a thin perioe- 
tracum; operculum calcareous, not spiral, but with prominent growth- 
ridges: in fresh water; 50 species, all in the Old World. 
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Fig. 841 Fig. 842 

Fig. 841— Sythinia 
tentaculata (Baker). 
Fig. 842— A mnioota 
limosa (Baker). 



B. tentaculata (L.) (Fig. 841). Shell yellowish or greenish in color, 

smooth and shining, with 5 whorls, the lowest of which equals the other 

four; length 11 mm.; width 6.5 mm.: a European species introduced 

recently into the northern states; in lakes and ponds, often very 

common; in Chicago they are sometimes drawn into 

A. the water pipes from Lake Michigan in sufficient 

\jA /*± quantities to block the smaller ones. 

^^ ^T 2. Axvxcola Gould and Haldeman. Shell small, 

ethin, smooth, conical, with a low spire and a broad 
M lower whorl; operculum spiral, horny; snout short, 
tentacles long: about 10 species, all in North Amer- 
ica, in fresh water; 3 on the Pacific slope. 

A. limosa (Say) (Fig. 842). Shell globose, plain 
brown in color, without bands, shining, 5 mm. long, 
4 mm. wide ; umbilicus either narrow or wide ; whorls 

4 to 5; aperture circular; lip sharp: entire country; very common on the 
muddy bottom or on aquatic plants in streams and ponds. 

A. dncinnatiensU (Lea). Shell swollen, greenish or yellowish- 
brown in color, smooth and shining, 5.5 mm. long, 4 mm. wide; whorls 

5 or 6; aperture oval; lip sharp; umbilicus small and very deep: eastern 
and central states; common on the muddy bottom of streams and ponds. 

3. Flttminxoola Stimpson. Shell rather large, ovate, solid, without 
umbilicus, smooth, outer lip projecting above over the inner lip, which 
is flattened: Pacific slope, in streams and lakes. 

F. nnttalliana (Lea). Shell yellowish, smooth, with 4 whorls; 
aperture white; length 10 mm.; diameter 7.5 mm.: valley of the 
Columbia; very common. 

4. Sokatooybto Gill. Shell globose, with a short low 
spire and a very large inflated lower whorl and large 
oblique aperture; whorls 4; lip thin; operculum spiral, 
horny: about 6 species, all in the central states, in fresh 
water. 

5. subglobosus (Say) (Fig. 843). Shell yellowish in 
color, shining; apex rounded; length 7 mm.; width 6.5 
mm.; umbilicus small: central states, west to Iowa. 

S. integer (Say). Shell yellowish, shining, 4 mm. long and 3 mm. 
wide; umbilicus almost obliterated by a callus: central states, west to 
Iowa. 

5. P0KATZ0P8X8 Tryon. Shell small, elongate, and conical; umbili- 
cus narrow and deep; aperture round or oval; operculum spiral and 
corneous; peristome thin: North America; air breathers, although 
possessed of a gill. 




Fig. 843 
Somatoqims 

9MbglO0O9M$ 

(Baker). 
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P. lapidaria (Say) (Fig. 844). Shell slender, dark brown in color, 
and shining, with 6 whorls, 6.5 mm. long and 3 mm. wide: eastern and 
central states, under stones on the margin of streams or in moist places 
on land or on aquatic plants; common. 

P. dncinnatiensis (Anthony). Shell robust, with 4 or 
5 whorls, greenish or brown in color, and shining, 4.5 mm. 
long and 2.3 mm. wide: central states, in moist places on 
Fig. 844 land, or on stones in the water. 

lapidaria P. californica Pilsbry. Shell thin, brown in color, 5 

mm. long : San Francisco and Oakland. 
6. Palvdebtbzha D'Orbigny. Shell small, elongate, conical, with 
an elevated spire; apex generally obtuse; aperture ovate; lip thickened; 
operculum horny: in fresh water. 

P. nickliniana (Lea) (Fig. 845). Shell with 6 whorls, greenish in 
color, shining, 4.5 mm. long, 2 mm. wide; umbilicus indented: eastern 
and central states; often common on aquatic vegetation in ponds and 
rivers. 

Family 6. SKENEIDAE. 

Shell small, with a very low spire, being almost discoidal, and a 
wide umbilicus ; operculum horny, multispiral : 1 genus, in northern seas. 

Sxenea Fleming. With the characters of the family: 1 American 
species. 








Fig. 845 Fig. 846 Fig. 847 

Fig. 845 — Poludestrina nickliniana (Baker). Fig. 846 — fSkcnea planorbis (Verrill). 
Fig. 847 — Vivipara eontectoides (Baker). 

S. planorbis (Fabricius) (Fig. 846). Shell minute, flat, with 3 
whorls, yellowish, smooth; aperture circular; length .8 mm.; width 1.3 
mm. : Long Island Sound to Greenland ; common under stones near low- 
water mark; Pacific coast; Europe. 

Family 7. VTVTPABIDAE. (Paludinidae.) 

Shell conical or globose, with rounded whorls and an olive-green 
periostracum ; aperture simple, roundish; operculum horny and usually 
not spiral; animal with a prominent, broad snout, and eyes on short 
stalks at the outer base of the stout tentacles; viviparous, the young 
remaining in the parent shell for some time after hatching: about 6 
genera and over 200 species; in fresh water in all parts of the world. 
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Key to the genera of Viviparidae here described: 

a, Shell banded, with umbilicus L VmPABA 

<h Shell not banded, without umbilicus. 

6 t Shell thick and solid 2. Campeloma 

6, Shell thin *. 3. Lioplax 

1. Viyipaba Lamarck (Paludina Lam.). Shell thin, with about 5 
whorls and a small umbilicus : 100 species, cosmopolitan ; about 8 Amer- 
ican species, mostly in the southern states; about 2 on the Pacific slope. 

V. contectoidea Binney (Fig. 847). Shell with 4 revolving brown 
bands, of which 3 are on the body of the whorl and 1 on the base, the 
upper whorls showing but 2 bands, sometimes indistinct or wanting; 
length 33 mm. ; width 25 mm. : eastern and central states, in lakes and 
rivers, on muddy bottoms in shallow water. 

2. Campeloma* Rafinesque. Shell solid, thick, with- 
out umbilicus; whorls 6: about 6 species, all in North 
America. 

Key to the species of Campeloma here described: 
Oj Spire shorter than the aperture C. pondebosum p. g4g 

)on&ero*n 
(Baker) 




<h Spire and aperture of equal length. Campeloma 

b t Whorls rounded C. DECI8UM pon&rotmm 



b, Whorls flattened C. subsoudum 

0. ponderosum (Say) (Fig. 848). Shell very heavy and solid, con- 
ical, with a very large lower whorl and an elongate ovate aperture; 
color greenish or blackish; length 21 mm.; width 15 mm.; aperture 
longer than the spire: New York to Illinois, south to Alabama. 

0. dedsnm (Say). Shell rather solid, conical; spire about as long 
as the aperture ; length 28 mm. ; width 17 mm. ; color dark green, surface 
shining: New England to Iowa; south to Tennessee. 

0. subsolidtun (Anthony). Shell very solid, yellowish or light 
green in color, smooth; whorls 6, flattened; aperture sigmoid; length 
40 mm.; width 23 mm.: New England to Illinois, south to central Ohio. 

3. Lioplax Troschel. Shell thin, conical, and elongate; without 
umbilicus; foot very large: 2 species, both in the United States. 

L. subcarinata (Say). Shell with 3 or 4 whorls, which are with 
2 or 3 indistinct ridges; operculum spiral in the center, except in old 
shells; aperture oval; length 12 mm.; width 10 mm.; color greenish: 
New Jersey to Indiana. 

Family 8. VALVATIDAE. 

Shell small, conical, and depressed or discoidal, with an open 
umbilicus; operculum corneous, circular, multispiral; periostracum 

* See "On the Genus Campeloma/' etc., by R. B. Call, Bull. Washburn Coll. Lab., 
Vol. 1, p. 149, 1886. 



Digitized by 



Google 



GASTROPODA 545 

greenish; tentacles long and slender with eyes at their outer base; snout 
prolonged; ctenidinm bipectinate, long, exposed; animals hermaphro- 
ditic: the temperate regions of the globe, in rivers, ponds, and lakes; 
1 genus. 

Valvata 0. F. Miiller. With the characters of the family : about 
6 American' species, 3 being on the Pacific slope. 

Key to the species of Valvata here described: 

a, Whorls of shell rounded V. sincera 

a, Whorls keeled. 

Oj Apex elevated V. tbicarinata 

ft, Apex not elevated V. bicaunata 

V. sincera Say (Fig. 849). Shell conical and depressed, with 3 or 

4 whorls; spire very low; lowest whorl very large, rounded; aperture 

round, beneath the rest of the shell; surface shining and brownish in 

color; length 2.5 mm.; width 4.5 mm.: Canada 

P*^TP~\ y£*3^V an( ^ Alaska and the northern states towards the 

\ ^ ^-' ^C-/ north; in lakes and sluggish streams. 

Fig. 849 Fig. 850 V. tricarinata (Say) (Fig. 850). Shell 

ng. 849— Valvata Bincera depressed, thin, shining, whitish or greenish 

IJ&a^MtVfi^v™™** m color > with an elevated spire flattened at 

the apex; whorls 3 or 4, with deep sutures, 
and with 1 to 3 prominent keels on the outer surface; length and width 
4 mm.: northern states, south to Iowa; very common. 

V. bicarinata Lea. Shell discoid, the spire not elevated, and with 
no more than 2 keels ; length 3.5 mm. ; width 5 mm. : northern states. 

Family 9. AMPULLABIIDAE. 

Shell with a low spire and a large lower whorl and aperture; snout 
divided into two long tentacular lobes; tentacles long and slender, with 
eyes on short stalks at their outer base; mantle with a long siphon on 
the left side; respiratory cavity divided by a partition, the left acting 
as a pulmonary sac, the right containing a very large ctenidium: numer- 
ous species; in fresh water, principally in tropical regions. 

Axpttllajua Lamarck. With the characters of the family; um- 
bilicus widely open: 150 species. 

A. depressa Say. Shell with 4 whorls, yellowish in color, with 
numerous revolving brown or greenish bands; 37 mm. long and wide: 
Florida and Georgia, in rivers and lakes. 

Family 10. CEBITHIIDAE. 

Shell elongate, with a tall spire and a ridged or tuberculated sur- 
face; aperture channeled in front, forming a short canal, and usually 
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with an expanded outer lip; operculum horny and spiral; mantle with 
a short siphon : 200 species, in salt, brackish, and fresh water. 
Key to the genera of Cerithiidae here described : 

Qt Shell dextraL 

bx Outer lip not expanded 1. Bitttum 

6, Outer lip expanded 3. Cekithiopsis 

a, Shell sinistral 2. Tripods 

1. BlTTTDTi Leach. Shell with a granular surface; aperture with 
a slight canal in front; outer lip acute, not expanded; operculum with 
4 spirals: numerous species. 

B. alternatum (Say) (B. nigrum Stimpson) (Fig. 
851). Shell slender, with about 8 whorls, bluish or blackish 
in color, 6 mm. long and 2 mm. wide ; surface covered with 
a fine network of elevated lines ; aperture rounded : Massa- 
chusetts Bay to New Jersey; in shallow water. 

2. Tkxfobis Deshayes. Shell sinistral; aperture jJuvf 5 ^ 
round, prolonged in front to form a closed tube: 100 "fveTriin"* 
species, mostly towards the south. 

T. perversa (L.) (T. nigrocincta Adams). Shell reddish-black in 
color, with 3 revolving series of granules; whorls 12 or more; length 7 
mm.; width 1.7 mm.: Cape Cod to west Florida; rather 
common; Europe; California. 

3. 0ERXTHI0F8I8 Forbes and Hanley. Shell slender, 
frequently with longitudinal ribs; aperture with an an- 
terior canal and a less distinct posterior one; operculum 
horny and spiral: in shallow water. 
Fig. 852 0. greeni (Adams) (Fig. 852). Shell with 10 to 12 

areeni whorls, reddish-black in color, with longitudinal ridges 

and revolving lines, forming series of granules; length 5 
mm.; width 1.2 mm.: Massachusetts Bay to Texas. 
0. terebralis (Adams). Shell with 10 to 12 whorls, flattened and 
having 3 revolving ridges on each, with numerous fine longitudinal 
lines between the ridges; length 12 mm.; width 3 mm.; color reddish- 
brown: Cape Cod to Texas. 

Family 11. PLEUROCEBIDAE. 

Shell elongate, conical, with numerous whorls; operculum spiral; 
aperture round or ovate, and rather small and channeled or angulated 
in front; animal with a broad, short snout and with eyes sessile, 
situated at the base of the tentacles: in fresh water; many hundred 
species, all in the United States (except 2 or 3 in Mexico), mostly in 
the southern states. 
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Key to the genera of Pleuroceridae here described: 

Ox Aperture lengthened to form a short canal; whorls flattened. 1. Pleubogera. 
a» Aperture not canaliculate ; whorls rounded 2. Goniobasis 

1. Pisuboosba Rafine8que. Shell with a long, tapering spire; outer 
lip with a projection about the middle forming a short siphonal canal; 
surface smooth or ribbed; without umbilicus: 84 species. 

P. subulare (Lea) (Fig. 853). Shell yellowish-brown in color, with 
a yellowish band encircling the whole just below the suture; whorls 11, 
increasing regularly, the upper 7 with a slight revolving ridge, the 
lower 4 rounded; length 22 mm.; width 8 mm.: upper Mississippi and 
valley of the Great Lakes, usually on sandy or rocky bottoms. 

P. elevatum (Say) (Fig. 854). Shell yellowish or greenish in color, 
with a yellowish band just below the suture and two purplish bands 





Fig. 863 Fig. 854 Fig. 855 

\ aubulare (Baker). Fig. 854 — Pleurocci 
Fig. 855— QaniobaBia Uveacene (Baker). 



Fig. 853 — Pleuroeera aubulare (Baker). Fig-. 854 — Pleuroeera elevatum (Baker). 



at the center of the whorls; whorls flattened, with revolving ridges; 
aperture triangulate : chiefly in the drainage of the Ohio River, on sandy 
or rocky bottoms. 

2. Govxobasxs Lea. Shell rather heavy, elongated, with a long 
and more or less pointed spire; aperture not channelled: 274 species. 

G. liveecens (Menke) (Fig. 855). Shell pinkish, yellowish, or 
greenish in color, often with two dark brown bands; surface shining, 
with a slight revolving ridge in the center of all the whorls but the 
last 2; length 20 mm.; width 9.5 mm.; whorls 7 to 9, rounded; aperture 
ovate, purple inside; outer lip very convex and elongated below: valley 
of the Great Lakes; in shallow water containing vegetation. 

G. virginica (Gmelin). Shell slender, dark brown in color; length 
30 mm.; whorls 6, somewhat rounded: Delaware and Schuylkill Rivers; 
common. 

Family 12. TUBRITELLIDAE. 

Shell elongate, with a very long spire on which are revolving ridges; 
no umbilicus; operculum multispiral and horny; tentacles long, with 
eyes at their base; mantle fringed, with a siphon; aperture round, 
without a canal: 190 species; marine. 
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Tthlritzlla Lamarck. Aperture round; shell usually brown, with 
brownish spots: 75 species; cosmopolitan; mostly in deep water. 

T. acicula Stimpson. Shell small, white, and thin, with 10 whorls, 
6 mm. long; 2 mm. wide. Cape Cod to Eastport, Maine, in rather deep 
water. 

T. variegata (L.). Shell 10 cm. long, with 16 flattened whorls; 
surface variegated with brown and white: Florida and West Indies. 

Family 13. VEBMETIDAE. 

Shell tubular, irregularly spiral at the apex, with the lower whorls 
free and extended; interior of shell partitioned off by smooth, concave 
septa; aperture round; foot rudimentary; head long, with 2 conical ten- 
tacles with eyes at their base; 2 additional tentacles at the side of the 
mouth; operculum circular, horny; animals stationary: 120 species, in 
all temperate and warm seas. 

Vebxetxtb Adanson. With the characters of the family; shell 
attached or free: numerous species. 

V. (Vermicularia Lamarck) radicnla Stimpson (Fig. 856). Spiral 
portion with ab>ut 8 whorls and 12 mm. long, remainder of shell some- 
times 20 cm. long : Cape Cod to Florida in shallow water, 
several shells usually intertwined together; common 
towards the south. 

Family 14. STROMBIDAE. 

Shell usually large and solid, with a conical spire and 

a very large lower whorl; aperture long and narrow; lip 

expanded, sometimes forming dictations, and with a deep 

im fi r« notch near the lower edge; foot long and narrow, with a 

ITi£. O&O 

V *dic t i" * on *> arcne ^ metapodium which bears the small claw- 

(Verrili). shaped operculum, and used for springing and not for 

walking; eyes large, at the end of a pair of long stalks; 

snout long: 100 species, in tropical and subtropical seas; several species 

in the West Indies and southern states. 

1. Stbombttb L. Shell ovate, usually with protuberances; lip plain 
or lobed: 60 species, 5 American. 

S. gigas L. Conch. Length 25 cm. and more; weight up to 5 
pounds; surface roughened and with protuberances; interior pink: 
Florida Keys and West Indies; very common; used for food; the shell 
is used to make cameos and ornaments, and also often as a dinner 
horn; the largest shell on the Atlantic coast and the largest mollusk 
in the country. 
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8. pugilifl L. (Fig. 857). Length 9.5 cm.; color reddish-brown; 

spire acute, with protuberances; interior pink: Cape Hatteras to 

Panama, in shallow water. 

2. Pterocera Lamarck. Outer lip of shell 

with long finger-like processes: 10 species in 

Pacific and In- 
dian Oceans. 

P.lambis(L.). 
Finger shell (Fig. 
858). Length 15 
cm. ; 6 fingers and 
a finger-like si- 
phonal canal 
present: Indian 
Ocean ; used as 
ornaments. 

S. APORRHAIS Dillwyn. Shell with a 
tall spire; aperture large; lip very much 
thickened and expanded, the outer lip 
being widely dilated: 4 species, in the 
North Atlantic. 

A. occidental Beck. Shell solid, 
conical, with 9 whorls which have arched, 
transverse ridges; outer lip dilated and 
wing-like; color whitish; length 6 cm.; 
width 35 mm.: Cape Cod, northwards, 
occasionally found on the beach. 





Pig. 857 
Strombua puffiHs (Rogers). 



Fig. 858 — Pterocera Iambi* 
(Rogers). 



Family 15. CYPRffilDAE. 

Shell solid, ovate, very smooth and polished, and often brightly 
colored; spire often concealed by the last whorl, which is then as long 
as the shell ; aperture narrow and channeled at each end ; no operculum ; 
foot broad; mantle expanded on each side and meeting over the back: 
several hundred species, mostly in tropical and subtropical seas. 

1. Cyprjea L. Cowries. Shell ovate, flattened 
beneath, with the spire concealed; aperture toothed 
on both sides; outer lip turned in: 200 species, 
mostly in the Indian and Pacific Oceans, where the 
beautiful shells are much used for ornaments. 

0. moneta L. (Fig. 859). True cowry. Shell yellow to white in 
color; 3 cm. long: Indian and Pacific Oceans; very common; used in 
Africa and other places as money. 




Fig. 859 — Cypraa 
moneta (Rogers). 
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0. exanthema L. Shell brown in color, with round white spots 
which may have brown centers, and a mid-dorsal yellow band; lip 
violet within; length 11 cm.: Cape Hatteras to Panama, in shallow 
water. 

0. spadicea Gray. Nut-brown cowry. Shell dark brown above and 
lighter in the center; lips white; length 5 cm. or less: California; not 
common. 

2. Trivia Gray. Coffee-bean shells. Similar to Cypraa, but with 
transverse ribs, and much smaller: 45 species; cosmopolitan. 

T. californica Gray. Shell reddish-chocolate in color 
and white inside, with a dozen sharp ribs ; length 10 mm. : 
California, in shallow water. 

T.pediculus(L.) (Fig. 
860). Shell pinkish, with 
6 black spots on the back 
and 20 mm. long: Florida. 

3. Otolith Bruguiere. Shell spindle- 
shaped, the aperture being drawn out at 
both ends into a canal ; inner lip smooth ; 
outer lip toothed or smoth: 75 species; 
in tropical seas. 

O. ovum (L.) (Fig. 861). Shell egg-shaped, white, with a yellow 
aperture; length 9.5 cm.: Indian Ocean; used for ornaments. 




Fig. 860 

Trivia pedicu 

lus (Rogers). 




Fig. 861 — Ovulum ovum (Rogers). 



Family 16. DOLHDAE. 

Shell large, thin, with a short spire and a very large swollen whorl, 
and covered with revolving ridges; operculum wanting; head long and 
wide; proboscis very long; foot very large: about 30 species; in tropical 
seas; shell often used as domestic utensils. 

Douxnc L. Shell ovate; outer lip crenulated: 15 species, 4 on 
the South Atlantic coast. 

D. galea L. (Fig. 862). Shell brownish-yellow in color, with 
rounded revolving ribs; length 25 cm.: Cape Hatteras to Texas; the 
West Indies, in shallow water; Mediterranean. 



Family 17. CASSIDIDAE. 

Shell thick, triangular or fusiform; spire short, partially immersed; 
aperture long and narrow, terminating below in a short curved canal; 
columella covered with a broad callus; outer lip broad, ribbed within; 
operculum horny: 60 species, in tropical seas; about 7 on the South 
Atlantic coast. 
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0A88I8 Lamarck. Shell solid, last whorl very large; canal short 

and bent backwards : 37 species, which are much used in cutting cameos. 

0. cameo Stimpson. Length 25 cm.; yellowish- white, tinged with 

yellowish-brown; lip and columella very broad, yellowish-cream color, 

with dark brown teeth and ridges: North 

Carolina to west Florida; West Indies. 





Fig. 862 Fig. 863 

Fig. 862 — DoUum galea (Rogers). Fig. 863 — Catai* tuberosa (Rogers). 

0. tuberosa (L.) (Fig. 863). Length 20 cm.; surface crossed by 
numerous fine grooves, both longitudinal and spiral; color yellow, with 
brown blotches; lower whorl with 3 rows of protuberances: North 
Carolina to west Florida; West Indies. 

Family 18. TBITONIDAE. 

Shell solid, conical or fusiform, with a high spire; surface rough; 
outer lip thickened and turned in; operculum horny; aperture with a 
canal: 150 species, in tropical seas. 

Triton Montfort. Tritons. Shell conical, with a crenulated outer 
lip; whorls roughened by transverse and longitudinal 
ridges : 100 species, in tropical seas ; the largest snails, the 
shells being often used as trumpets. 

T. nodiferus Lamarck. Length 45 cm.; color brown 
and white; aperture red: Mediterranean Sea, East Atlan- 
tic, Indian, and Pacific Oceans ; often used as a shepherd 's 
horn or a war horn. 

T. tritonis (L.) (Fig. 864). Length up to 50 cm.; 
color brown, white, and red; aperture red: Gulf of 
Mexico; Indian Ocean. 

Subdivision 2. HETEROPODA. 

Pelagic, transparent prosobranchs in which the foot is a swimming 
organ, and is made up of two parts, a compressed fin-like structure 
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(propodium and mesopodium) which projects ventrally and often bears 

a sucker, and a tail (metapodium) which projects posteriorly, and in 

some forms bears an operculum; head large, bearing a pair of tentacles 

with large eyes on short stalks at their base; the principal viscera form 

a sort of nucleus, often brightly colored, dorsally situated and covered, 

in most cases, by a transparent shell; sexes separate: about 60 species, 

all of which live on the high sea, often in large schools, in tropical and 

subtropical regions, eating fishes, Crustacea, and other small animals; 

2 families. 

Key to the families of Heteropoda: 

Ox Shell much too small to contain the animal and sometimes absent 

1. Ptebotbacttktpai 
a, Shell multispiral, containing the body 2. Atlanttoae 

Family 1. PTEROTRACHEIDAE. 

Body elongate, cylindrical, transparent, naked or with a small, trans- 
parent, conical, cap-shaped shell which covers the small nucleus alone, 
and from which projects the ctenidium: 4 genera and about 30 species. 





Fig. 866 



Fig. 866 



Fig. 867 



Fig. 865— Carinaria mediterranea (Cambridge Natural History). 1, sucker; 2, fin; 

3, shell; 4, gill; 5, tentacle. Fig. 866 — Atlanta pervni (Leunis). 

Fig. mi—Eulitna oleacea (Verrill). 

Oabzkaeia Lamarck. Small conical shell present: 8 species in 
tropical and subtropical seas; 1 species on the South Atlantic coast. 

0. mediterranea Peron and Lesueur (Fig. 865). Body 20 cm. long 
or less; snout violet; foot red: New Jersey to Florida; West Indies; 
Mediterranean Sea. 

Family 2. ATLANTIDAE. 

Shell spiral and discoid and large enough to receive the entire 
body: 22 species, in 2 genera. 

1. Atlanta Lesueur. Shell small, thin, compressed, with a promi- 
nent keel on the periphery; aperture narrow, with a deep notch at the 
keel; operculum ovate: 18 species, 6 on the South Atlantic coast 

A. peroni Les. (Fig. 866). Length 8 cm.: New Jersey to Texas; 
West Indies; Mediterranean. 
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2. Oxtgyitts Benson. Shell milky white, rounded on the periph- 
ery and keeled only near the aperture, which has no notch: 4 species, 1 
on the South Atlantic coast. 

0. keraudreni D'Orbigny. New Jersey to Texas; West Indies. 

Division 3. GYMNOOLOSSA 

Similar to the Tanioglossa except that the radula and jaws are absent : 

2 families, both marine. 

Key to the families of Gymnoglossa: 

Ox Apical whorls normal ; animals often parasitic 1. Eulimtdai 

o, Apical whorls sinistral 2. Pyramidellidae 

Family 1. EULIMIDAE. 

Shell usually elongate, conical, and multispiral, white in color and 
polished; foot long and narrow; proboscis very long, sometimes longer 
than the body; animal often parasitic, sucking the juices of its host by 
means of the long proboscis: 5 genera and numerous species. 

1. Euuma Risso. Shell slender, tall, sometimes bent; operculum 
horny, spiral: 50 species, mostly southern, many parasitic. 

E. oleacea Kurtz and Stimpson (Fig. 867). Shell small, solid, 
with 12 flattened whorls; color pale brown; aperture small, oval; length 
6 mm.; width 1.5 mm.: Vineyard Sound to North Carolina; parasitic 
on Thyone briareus. 

2. Stylxrr Broderip. Shell thin, transparent, ovate or elongate, 
with a very sharp apex which is sometimes bent; operculum wanting; 
aperture small; tentacles slender; eyes sessile: 20 species; cosmopolitan; 
parasitic on or in the integument of echinoderms, often producing tumors. 

8. stimpsoni Verriil. Shell white, swollen, with 4 to 5 whorls, the 
lowest very large, with an impressed revolving line just below the 
suture; length 3.75 mm.: Massachusetts to New Jersey; on Strongylo- 
centrotus. 

Family 2. PYBAMIDELLIDAE. 

Shell conical, elongate or ovate, usually small, with apical whorls 
sinistral and excentric; operculum horny, spiral; tentacles ear-shaped, 
joined at the base; eyes sessile: several hundred species. 

Key to the genera of Pyramidellidae here described: 

a, Columella without a fold 1. Tubbontlla 

a, Columella with an oblique fold 2. Odostomia 

1. TumBOVXXXA Risso. Shell long and slender and multispiral, 
white or yellow, ribbed or striate; lip incomplete: 50 species; 
cosmopolitan. 
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T. elegans Verrill (Fig. 868). Whorls rounded, with numerous 
longitudinal ribs and fine revolving grooves; color light yellow; length 
9 mm.; width 2.5 mm: Massachusetts Bay to Florida, in 
shallow water. 

T. interrupta (Totten). Shell very slender and 
pointed, with 8 or 10 convex whorls, on which are 20 to 
30 ribs crossed by about 14 revolving lines: Cape Cod to 
South Carolina, in shallow water; common. 
TurkonWa & Odostokza Fleming. Shell minute, elongate, con- 

(Verriu). ^h thin; aperture ovate; columella with an oblique 
fold: 100 species; cosmopolitan. 
Key to the species of Odostomia here described : 

a, Surface smooth. 

b x Color dark brown O. fusca 

h, Culor glossy white O. tbifida 

6, Color greenish with a line under the suture O. bisuturaus 

o a Surface granulated O. seminuda 

0. bisuturalis (Say). Shell conical, smooth, light green; periostra- 
cum brown, with a single revolving line below the suture ; length 5 mm. ; 
diameter 2.5 mm.; 6 whorls: Massachusetts Bay to New Jersey; common 
under stones. 

0. fusca (Adams). Shell elongate, rather blunt, dark brown, glossy, 
with 6 or 8 whorls; 6 mm. long; 1.8 wide; umbilical indentation present: 
Cape Cod to New Jersey, in shallow water; common. 

O. trifLda (Totten). Shell elongate; apex acute; 
whorls 8, flat, with about 6 revolving lines; eolor white; 
length 5 mm.; width 2 mm.: Massachusetts Bay to New 
Jersey, in shallow water; common. 

Pig. 809 

O. seminuda (Adams) (Fig. 869). Shell with an Odostomia 
acute apex, 6 or 7 whorls, with coarse revolving lines (VeiriU). 
crossed by longitudinal ones, giving the surface a granu- 
lated appearance; color glossy white; length 4 mm.; width 2 mm.: 
Massachusetts Bay to west Florida; common in shallow water. 

Division 4. BA0HIOL088A. 

Radula long and narrow, with 3 longitudinal rows of teeth (Fig. 
870), a central and two lateral, each tooth, in most species, consisting 
of a base and several cusps; proboscis long and retractile; siphon dis- 
tinct and usually long; operculum usually present, and always horny 
and non-spiral; shell spiral, usually thick, often with tubercles or 
spines; aperture elongate, prolonged below to form a siphonal canal: 
12 families, marine (excepting a few species); carnivorous. 
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Key to the families of Rachiglossa here described: 

Oi Shell rough, with ridges, tubercles, or spines. 

b t Central teeth without cusps 2. Columbeludax 

b M Central teeth with cusps. 

d Laterals without cusps 1. Muricidai 

c % Laterals with 2 or 3 cusps. 

d\ Centrals with many cusps 3. Nassidae 

d, Centrals with 5 to 7 cusps 4. Buccinidae 

d, Centrals with 2 cusps 5. Tubbinellidae 

a, Shell smooth and polished. 

b x Shell with a tall spire 6. Mitbidae 

o, Shell with a low spire 7. Olividak 



Family 1. MUBICIDAE. 

Shell thick and solid, with an elevated spire with a rough surface 
on which are usually rows of protuberances or spines; siphonal canal 
often long; eyes sessile, at the outer base of 

the tentacles; central tooth of radula with .'^ j? 

at least 3 long cusps (Fig. 870,1); laterals 
without any: about 15 genera and 1,000 spe- 
cies, which are mostly tropical; they feed 
largely on other mollusks, the shells of which m% S70 ^ BMLanltL of Murex 
they are able to pierce with the radula in the £?# br i? Snt^i^iitefit 
proboscis. 

Key to the genera of Muricidae here described : 

Ox Whorls angular, with distinct protuberances or spines. 

b x Spines and protuberances usually very prominent 1. Mubxx 

o, About 10 longitudinal ridges 3. Eupleuba 

a, Whorls rounded. 

6* Longitudinal ridges very distinct 2. Ubosalpinx 

bt Revolving ridges very distinct 4. Pubfuba 

1. Mtoex L. Spiny rock-shell. Shell thick, ovate or elongated; 
spire prominent; 3 or more rows of prominent protuberances or spines; 
aperture round, ending below in a long canal: about 300 species, in 
tropical and temperate seas. It was largely from M. trunculus L. and 
M. brandaris L. that the well known Tyrean or imperial purple dye of 
the ancients was obtained, a large mucous gland in the mantle furnishing 
a yellowish secretion which turns purple on exposure to the light. The 
secretion was obtained by crushing the animals, and large heaps of the 
broken shells of these two species may now be found where ancient manu- 
factories of the dye existed, M. trunculus being found principally on the 
Syrian coast and M. brandaris in Greece and Italy. 

M. festivus Hinds. Length 5 cm.; width 25 cm.; color white; 
canal closed: Calif ornian coast, towards the south. 



Digitized by 



Google 



556 



MOLLUSCA 



It", pomnm Gmelin (Fig. 871). Length 12 cm.; color yellowish- 
brown; surface rough; aperture round and yellow in color, the outer 

lip having 3 brown spots: Beaufort, N. C, 
and southwards; West Indies; common. 

2. Ueosalpihx Stimpson. Shell fusi- 
form, surface roughened by about 12 
rounded, longitudinal ridges; lip scalloped; 
aperture with a short canal: 20 species. 

£. dnerens (Say). Oyster drill (Fig. 
872). Shell 25 mm. long, 15 mm. wide, 
brown or gray in color, brownish within; 
whorls 5 or 6, with numerous revolving lines 
which cross the longitudinal ridges : Florida 
to Massachusetts Bay, and locally further 
north, also at San Francisco; very common 
on oyster beds, being one of the worst ene- 
mies of the oyster, which it kills by drilling 
a small round hole through the shell, through 
which it thrusts its long proboscis. 
3. EUPLETOA Adams. Shell fusiform; surface roughened by about 
10 longitudinal ridges; whorls 7 and angulated, there being a shoulder 
beneath the suture: 5 species. 

£. caudata (Say) (Fig. 873). Shell 25 mm. long, 15 mm. wide, 
brown or gray in color; aperture oval, with a long straight canal; lip 




Fig. 871 

Mure* pomum ( Rogers). 

l v alpbonal canal. 






-I 

Fig. 872 Fig. 873 Fig. 874 

Fig. 872 — Urosalpinw oinereus (Verrill). 1, si phonal canal. Fig. 873 — Eu pleura 
caudata (Verrill). Fig. 874— Purpura lapillu* (Verrill). 



thick, roughened within: Cape Cod to west Florida, in shallow water; 
rather common. 

4. Ptopura Bruguiere. Shell oval, lowest whorl large, with a large 
aperture, the canal being reduced to a notch at its lower end; columella 
flattened; outer lip simple: 60 species; cosmopolitan; several species. 

P. lapillus (L.) (Fig. 874). Shell thick, with 5 or 6 whorls; spire 
acute; whorls with deep revolving furrows; lip arched, with ridges 
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within the margin; color whitish, yellowish, or reddish, often banded; 
length 30 mm.; width 17 mm.: eastern end of Long Island to Green- 
land, in shallow water on rocks; common, feeding on oysters and other 
mollusks; Europe. 

Family 2. COLUMBELLIDAE. 

Shell conical, elongate, covered by a periostracum ; aperture narrow, 
elongated, terminating below in a notch ; lip thick, crenulated or toothed 
within; operculum very small; central tooth of radula 
without cusps; laterals with 2 or 3 cusps: 1 genus. 

Columbella Lamarck. With the characters of the 
family: 300 species, mostly subtropical. 

C. (Astyris Adams) lunata (Say) (Fig. 875). Shell 
small, with 6 whorls; surface rather flat, smooth, with a Columbella 
single revolving line and a few near the base; color (Verriii). 
brownish, with 2 or 3 series of crescentic yellow spots on 
the lower whorl; length 5 mm.; width 2.5 mm.: Massachusetts Bay to 
Florida, in shallow water; common. 

0. (Anachis Adams) avara Say. Shell small, with 6 whorls; surface 
rather flat, yellowish in color, blotched with brown; lowest whorl with 
10 to 15 longitudinal ridges crossed by revolving lines; length 12 mm.; 
width 5.5 mm.: Cape Cod to Florida, in shallow water; not so common 
as C. lunata. 

Family 3. NASSIDAE. 

Mud snails. Shell small, conical or ovate, with an elevated spire, 
thick and solid ; aperture round or oval, ending below with a short canal 
or a notch; columella with a callus; outer lip 
thickened, toothed or crenate; operculum horny; 
central teeth of radula with many cusps ; laterals 
with 2 large and several small ones: 175 species. 
Nasba Lamarck. Foot square in front, bi- 
furcate behind or not; operculum with a serrate 
Fig. 876 Fig. 877 or plain margin: 130 species; cosmopolitan; in 
*"!*• ?T?p 3 «2 Ma o 1 77f? shallow water; they are scavengers, but are also 
Nassa obsditta (Verriii). predacious, destroying mollusks after the manner 
of the oyster drill. 
N. vibex Say (Fig. 876). Shell conical, with 6 whorls; sutures not 
impressed ; surface of body whorl with about 12 undulating, longitudinal 
ridges and 12 revolving lines; color whitish or brown, with a revolving 
darker band; foot bifurcate behind; length 12 mm.; diameter 8 mm.: 
Cape Cod to Gulf of Mexico; common south of Cape Hatteras; West 
Indies. 
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N. (Tritia Risso) trivittata Say. Shell conical, with 7 whorls; 
sutures impressed, with a shoulder below ; surface with numerous longi- 
tudinal and revolving creases dividing it into series of large granules; 
foot bifurcate behind; color greenish-white, often with brown revolving 
bands, white within; length 18 mm.; width 8 mm.: Florida to Gulf of 
St. Lawrence; common. 

N. (Ilyanasaa Stimpson) obsolete Say (Fig. 877). Shell conical, 
with 6 whorls, the lower one being large ; surface covered with numerous 
longitudinal and revolving creases, giving it a reticular appearance; 
foot not bifurcate behind ; margin of operculum not serrate ; color brown, 
purple or blaek within; length 25 mm.; width 12 mm.: Gulf of St. Law- 
rence to west Florida; the commonest snail south of Cape Cod. 

Family 4. BUCCINIDAE. 

Shell usually thick and ovate or pear-shaped, with a conical spire 
and a large lower whorl; aperture usually large, ending below in a wide 
notch or a short, wide siphonal canal; central tooth of radula with 5 
to 7 cusps ; laterals with 2 or 3 : over 1,100 species. 

Key to the species of Buccinidae here described : 

a, No distinct canal 1. Buccinum 

a, Distinct canal 2. Neptuxea 

1. Bttoothtoi L. Whelks. Shell covered with a horny periostra- 
cum; aperture with a wide notch at the lower side and about as long as 
the spire: 30 species, in colder waters. 

B. undatum L. Shell with 6 whorls and grayish in color, with about 

12 prominent crescentic or oblique longitudinal ridges, which disappear 

towards the tip and are crossed by numerous raised revolving lines; 

aperture oval, usually yellow, but sometimes white within; length 60 

mm. ; width 35 mm. : New Jersey to Greenland, from low 

to deep water; common north of Cape Cod; Europe, 

where it grows larger than here, and is a common article 

of food, and is also used extensively as bait for cod. 

2. NEPxmntA Bolton (Chrysodomus Swainson). Shell 

Fig. 878 fusiform, covered with a horny periostracum ; spire ele- 

pvgmva vated ; aperture oval, shorter than the spire, with a short 

canal, white or yellowish in color: circumpolar, about 15 

species on the Atlantic coast, mostly in deep water. 

N. pygmaa (Gould) (Fig. 878). Shell with an elevated spire, with 
6 whorls and a small, elongate aperture, ending below in a rather long 
canal; periostracum hirsute; length 20 mm.: Long Island Sound to the 
Gulf of St. Lawrence, in 10 to 640 fathoms. 
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N. decemcostata (Say). Shell with 6 whorls, with 10 rounded re- 
volving ridges on the lower whorl and 2 on the upper; color white; 
ridges horn-colored; length 75 mm.; width 45 mm.: Cape Cod and 
northwards, in rather deep water, often thrown up on the beach. 




Family 5. TUBBINELLIDAE. 

Shell fusiform or pear-shaped; aperture elongate, with a long 
siphonal canal; central tooth of radula with 3, laterals with 2 cusps: 
about 8 species on the Atlantic coast. 

1. BlTBTOON Bolton (Fulgur Mont fort). Conchs. Shell large, with 

a short spire and a very large lower whorl, which tapers below into a 

long twisted canal; 

aperture large ; outer 

lip thin and smooth; 

whorls 6: 5 species on 

the eastern coast of Fig. 879— Egg capsules of Butycon canaliculatum 

( Rogers) . 

the United States; egg 

capsules lens-shaped, about 25 mm. wide, attached in a row to a common 

chord (Fig. 879). 

Key to the species of Busycon here described : 

a, No sutural canal. 

ft, Shell deztral B. cabica 

©, Shell sinistral B. febvebsum 

Oj Revolving canal at suture B. canaliculatum 

B. carica (L.). Shell thick, solid; spire 

conical, with a flattened surface and a 

revolving series of prominent tubercles 

:;j^jS^y<J^ K^ above the suture; length 22 cm.; width 11 

;:>^;vjfl Bm cm.; color gray or brownish: Cape Cod to 

the Gulf of Mexico, in shallow water; com- 

^.fiflHSfiiii^F/ mon, especially towards the south; the 

largest shell on the coast except S trombus 

gigas. 

B. canalicnlatnm (L.) (Fig. 880). Shell 
thin,* covered with a hirsute periostracum, 
f~*~ \U and with a deep, broad canal at the suture; 

ng. m®-Bmmimn canaUou- l **& h 13 cm -5 color brownish, with numer- 
' i^JS^SkwSi ous r 6 ™ 1 ^^ line8: Ca P© Cod *° Gulf of 

Mexico, in shallow water; very common. 

B. perversum (L.). Shell similar to B. carica, but sinistral: Cape 
Hatteras to Texas; West Indies. 
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Family 6. MITBTDAE. 

Shell smooth and polished, elongate, conical, with a high spire and 
a small, narrow aperture, columella with folds: several hundred species, 
in tropical seas. 

Mztba Lamarck. Shell thick; outer lip thick and smooth within: 
200 species, including many beautiful shells which are used as ornaments. 

M. papalis (L.). Papal mitre. Length 13 cm.; a revolving row of 
tooth-like folds on the suture; color white, with irregular red spots: 
Indian Ocean; often used as ornaments. 

M. swainsoni Broderip (Fig. 881). Length 8 cm.; surface with 
numerous fine revolving stripes: North Carolina and southwards. 

Family 7. OLIVIDAE. 

Shell brightly colored and polished and elongate, with a short spire 
sometimes more or less covered by a callous deposit, and a very large 
lower whorl which makes up the greater part 
of the shell; aperture long and narrow; oper- 
culum often wanting: about 250 species, mostly 
subtropical. 

1. Olxva Bruguiere. Shell almost cylindric- 
al; columella with folds; no operculum; foot 
large, partly enveloping the shell : 150 species. 
O. litterata Lamarck (Fig. 882). Shell 
slender, tapering towards both ends, 6 cm. 
Fig. 881 Fig. 882 long, whitish in color, with spiral bands of 

Fig. 881 — Mitra swainsoni brown markings ; aperture lined with violet: 

iDall). Fig. 882— OUva ^ , ^ ,. *L w w 

litterata (Rogers). North Carolina to Key West; West Indies; 

on sandy beaches. 

2. OuvziXA Swainson. Shell small; spire taller than in OUva; 
suture caniculated; operculum present; tentacles and eyes absent: 31 
species. 

O. mutica (Say). Rice shell (Fig. 883). Shell fusi- 
form, 12 mm. long; color whitish, with wavy brown bands 
on the lower whorl; aperture half the length of the 
shell: North Carolina to Florida; West Indies; on sandy 
beaches. gJfcSg 

3. Habpa Lamarck. Harp shell. Shell large, with (So^S?). 
a large, bulging lower whorl and with prominent longi- 
tudinal ribs; foot large; radula absent in the adult; aperture large; no 
operculum: 9 species, in tropical seas, but not in the Atlantic. 
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H. ventricosa Lam. (Fig. 884). Length 12 cm.; color brownish, 
with square spots of purple forming broad spiral bands on the whorls; 
between the ribs are scallops of light and dark 

brown: Indian Ocean; often used as an ornament. 

™- j 
Division 5. TOXOGL088A. IS ^]k^^\%,\ 

Radula long and narrow, with 2 rows of long LjPlQS^^j 




teeth, which are the marginals, the centrals and lat- 
erals being absent; proboscis with a poison gland; V^F \ti| \, 
siphon distinct; aperture either notched below or pro- Y^&y' 4 '' < 
longed to form a siphonal canal; shell spiral: 4 fami- vSviS** 

lies, all marine, and mostly carnivorous, the animals 

feeding largely on mollusks which they kill by means rig. 884 

n A , . . . , . Harpa ventriooBa 

of their long teeth and the poison. (Rogers). 

Key to the families of Toxoglossa : 

<*! Shell a reversed cone 2. Conidae 

a 7 Shell not a reversed cone. 
b x Shell with a tall spire. 

c x Aperture ending below with a notch 1. Terebridae 

c, Aperture channelled below notched above 3. Pleurotomidae 

b t Shell more or less ovate 4. Cancellariidae 

Family 1. TEBEBBIDAE. 

Shell elongate, with a very tall acute spire and with flattened 
whorls; aperture small, with a deep notch below; operculum horny; 
tentacles short, wide apart, with eyes at their tips or wanting: 1 genus. 

Teeebra Lamarck. With the characters of the family : 200 species, 
mostly tropical. 

T. dislocata Say. Shell 44 mm. long, 8 mm. wide; color brownish 
or yellowish, with a pale revolving band and numerous minute revolving 
lines ; whorls 13, with 15 to 18 ribs on each and numerous minute revolv- 
ing grooves: Maryland to Texas and in the West Indies; in shallow 
water. 

Family 2. CONIDAE. 

Shell thick, conical, with a low, flattened spire and a very large 
lower whorl which tapers towards the lower end; surface often smooth 
and brightly colored; aperture long and narrow; operculum present or 
absent ; proboscis long ; siphon short and thick : numerous species, mostly 
tropical, many very beautiful. 

Convs L. With the characters of the family: 300 species. 

C. calif ornicus Hinds. Spire without protuberances; color of shell 
white, of periostracum chestnut; latter sometimes hirsute; length 25 
mm.: California, towards the south. 
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0. florid&mu Gabb. Spire rather high; color yellowish, streaked 
with broken lines of brown spots; length 5 cm.: Cape Hatteras to 
Florida. 

0. marmoratns L. (Fig. 885). Spire low; color dark brown, with 
large triangular white spots; length 12 cm.: Indian and Pacific Oceans; 
common in collections. 

Family 3. PLEUBOTOMIDAE. 

Shell elongate, with a tall spire; lower whorl prolonged to form a 
long canal; aperture narrow and long; outer lip thin, with a notch near 





Fig. 885 Fig. 886 Fig. 887 

Fig. 885 — Conu* marmoratus (Rogers). Fig. 886 — Beta harpularia (Verrill). 
Fig. 887 — Cancellaria reticulata (Rogers). 

the upper end; operculum horny, sometimes absent; eyes at the base 
of the tentacles; siphon long: 650 species; cosmopolitan; mostly in deep 
water and towards the south. 

Bela Leach. Shell fusiform and thin; canal short; notch of outer 
lip small or wanting; operculum pointed at both ends; aperture short: 
northerly in distribution. 

B. harpularia (Couthouy) (Fig. 886). Shell with 6 or 8 whorls, 
which have a shoulder just beneath the suture; brownish-pink in color 
and with rounded longitudinal ribs which are crossed by fine revolving 
lines ; length 16 mm. ; width 8 mm. : Long Island Sound to Nova Scotia, 
in rather deep water. 

Family 4. CANCELLARIIDAE. 

Shell ovate or elongate, with longitudinal and revolving ridges and 
grooves; aperture elongate, prolonged below to form a siphonal canal; 
columella with spiral folds; outer lip ribbed within; no operculum: 80 
species. 

Cancellaria Lamarck. Shell cancellated, reticulated or ribbed; 
columella with prominent folds; canal rather short; outer lip bulging: 
70 species, in warm seas. 
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0. reticulata (L.) (Fig. 887) . Shell 5.5 em. long and banded with yel- 
low, white, and brown : Cape Hatteras to west Florida, in shallow water. 

Class 4. PELEOYPODA.* (Lamblubranchiata.) 

Symmetrical mollusks with a double or bivalve shell and mantle, 
and without a head (Fig. 740, C). 

External Structure.— The compact visceral mass is compressed later- 
ally and the two lobes of the mantle extending downwards from the 
back entirely enclose both it and the foot. When the animal moves 
about the foot is extended between the edges of the mantle (Fig. 888, 1). 
The hinder part of the mantle lobes controls the inflow and the outflow 
of water between the 

A 



B 




Fig. 888 — Diagrams showing the formation of the 
siphons, the anterior end in each figure being 
towards the left and the dorsal side being above. 
A, mantle open and no definite siphons ; B, mantle 



open and incomplete siphons; 



cloacal siphon 



v|^u auu luvviufictc di|/uvuo , v., uvaioi BI|IUVU 

complete ; D, both siphons complete but not ex- 
tended : E, siphons extended and mantles joined 
vent rally ; F, mantles completely joined, leaving a 
narrow space for the foot and one for the byssus 
(Lang). 1. foot: 2, left-hand mantle; 3, right- 
hand mantle ; 4, cloacal siphon ; 5, branchial 
siphon ; 6, byssus opening. 



mantle cavity and the out- 
side. In some of the more 
primitive bivalves, espe- 
cially such as are sessile, 
as the oyster, this func- 
tion is but little localized, 
a current flowing out of 
the mantle cavity in the 
region of the anus and one 
flowing into it at other 
portions of its hinder and 
lower borders (Fig. 888). 
In most bivalves, how- 
ever, the hinder margins 
of the mantle are highly 
modified, and are closely 

applied to each other, leaving two openings which are called siphons; 
through the lowermost of these, which is called the branchial or 
incurrent siphon, water flows into the mantle cavity, bringing the 
microscopic food of the animal and the air needed for respiration, and 
through the uppermost, which is called the cloacal or excurrent siphon, 
it flows out, conveying the exhausted respiratory water with the excre- 
ment and often the genital products. In very many pelecypods the 
posterior mantle edges forming the siphons are not merely applied to 
each other but are fused together and extended in the form of tubes. 
Fusion has also taken place to a greater or less extent along the entire 
edge of the mantle in the higher bivalves, a small slit only being left 
for the foot (Fig. 888). 

• See "The "Mollusca of the Chicago Area ; The Pelecypoda," by F. C. Baker, 
The Natural History Survey, Bull. No. Ill, Pt. 1, 1808. 
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The shell, like the mantle, consists of two parts or valves, which 
are joined together dorsally and open ventrally to permit the edges of 
the mantle, the siphons, and the foot to be protruded. The shell is 
invariably present, but may be rudimentary; the two valves are not 
always symmetrical, and vary much in thickness in the different species. 
The outer layer or periostracum is thin and non-calcareous and is often 
wanting. The inner or mother-of-pearl layer shows a play of colors in 
many species, due to the refraction of light by the delicate horizontal 
plates of which it B composed, which often gives the shell commercial 
value. Pearls are cysts of mother of pearl which have formed around 
foreign objects, usually larval trematode worms, which have lodged 
between the mantle and the shell. The middle or columnar layer is usu- 
ally thick. The mother-of-pearl layer is de- 
posited by the general surface of the mantle. 
The other two layers are formed by its margin, 
and hence show concentric lines of growth. 
These lines are grouped around the umbo or 
beak at the dorsal margin of the shell, which 
is the oldest part of it, and often prominent, 
and often projects forwards. In front of it 
is, in certain bivalves, a heart-shaped de- 
pressed area called the lunule (Fig. 889,4). 
The two valves of the shell are held together 
by a more or less elastic band called the liga- 
ment (2), which is usually external and con- 
sists of two distinct parts, the outer portion 
or ligament proper and the internal portion 
or cartilage, the latter being very elastic and 
composed of parallel fibers. 
Beneath the umbo is the hinge, which is usually composed of inter- 
locking teeth in the two valves. These teeth are distinguished as cardi- 
nals and laterals, the former (7) being immediately beneath the umbo; 
the latter often consist of long ridges and are called the posterior lat- 




g. 889 — Left-hand valve 
of shell, the anterior end 
being toward the right, and 
the dorsal Bide above (Cam- 
bridge Natural History). 1, 
f Posterior adductor muscle 
mpre8sion ; 2, ligament ; 3, 
umbo ; 4, lunule : 5, anterior 
adductor muscle impression ; 
6, anterior lateral teeth ; 7, 
cardinal teeth ; 8, posterior 
lateral teeth ; 9, pallial line ; 
10, pallial sinus. 
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front of the umbo. The inner surface of each valve shows, often promi- 
nently, a number of impressions caused by the attachment of muscles in 
the shell. These are the adductor muscle impressions (1 and 5), of 
which there are either one or two, the much smaller impressions of the 
Biphonal and pedal retractor muscles, and the pallial line (9). The lat- 
ter is a broad line which connects the anterior and posterior adductor 
impressions and represents the points where the numerous retractor 
muscles of the margin of the mantle are inserted; it is often indistinct. 
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The siphonal muscle impression is present only in shells possessing elon- 
gated, retractile siphons, and is situated beneath or behind the posterior 
adductor impression, where it forms a more or less prominent forward 
bend or angle in the pallial line, which is called the pallial sinus (10). 

The two valves of the shell are closed by the two powerful adductor 
muscles above mentioned, which are attached to their inner surface; in 
a large number of pelecypods but one muscle is present, the anterior 
adductor being wanting. When the adductors are relaxed the elasticity 
of the hinge ligament causes the shell to open. Other muscles which 
are attached to the shell extend the foot and the siphons. 

The mantle cavity contains the ctenidia or gills, which are usually 
plate-like structures attached along their dorsal margins, two gills lying 
usually on each side (Fig. 890, C). In the simplest pelecypods (Fig. 
890, A), however, a pair of bipinnate ctenidia similar to those of gas- 
tropods is present. At the forward end of the visceral mass in the 
median line is the mouth 
(Fig. 740, C). It is with- 
out jaws or radula, and 
on each side of it are two 
ciliated flaps called oral 
palps (Fig. 904), the cilia 
of which cause small food 
particles, more or less 
immersed in mucus, to 
pass into the mouth. The 
anus is at the hinder end and opens into the dorsal or cloacal portion 
of the mantle cavity. The foot is wanting in some pelecypods, but in 
most of them it is a wedge or tongue-shaped structure; the most primi- 
tive forms have a disc-like sole like the gastropods. Very many pelecy- 
pods secrete a tough, stringy substance from a gland in the foot called 
the byssus (Fig. 898, 5), by means of which they attach themselves to 
stationary objects, becoming thus fixed in one place. In many forms 
which are without it as adults, the byssus is present in the larva. Many 
bivalves attach themselves permanently by cementing one of the valves 
to some other object or by boring cavities into clay, rock, or wood, from 
which they cannot escape. 

Internal Structure (Fig. 904). — The mouth is without salivary glands 
and is joined by a short oesophagus with the large stomach. Surround- 
ing this organ is the voluminous liver. The intestine (Fig. 740, C) is a 
long tube which winds about in the visceral mass, to the dorsal side of 
which it finally ascends, where it passes backwards through the ventricle 
of the heart (except in the oyster, and certain others) to the anus. At 




Fig. 890 — Diagrams of pelecypod gills. A, Proto- 
branchiata; B, Filibranchiata • C, Eulamellibran> 
chia ta; D, Reptibronchiata (Lang). 1, mantle; 
2, visceral mass : 3, ascending lamella of gill ; 4, 
descending lamella of gill. 
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the forward end of the intestine is usually a tubular pocket, which opens 
into the stomach in some forms, containing a crystalline rod of unknown 
function. The heart consists of a muscular ventricle and a pair of 
auricles which receive the blood which has just passed through the gills. 
The kidneys are paired, each opening into the pericardium and also 
into the mantle cavity. Additional excretory glands are the organs 
of Keber, which are a pair of glandular organs arising either from 
the walls of the auricle or the pericardium; they are wanting in 
the Protobranchiata. Three pairs of widely separated nerve ganglia 
characterize most bivalves, the cerebral ganglia, just above the mouth, 
the pedal ganglia in the foot, and the visceral ganglia at the hinder end 
of the visceral mass; the cerebral ganglia are joined with each of the 
other pair by a pair of connectives. 

In correlation with their sluggish habits, the special sense organs 
of the bivalves are poorly developed. A pair of osphradia, which are 
supposed to be olfactory organs, are present at the base of the gills near 
the posterior adductor muscle. Tactile cells are often present, especially 
upon the siphons and the edge of the mantle. Eyes are usually absent 
but are present in a number of forms. Pecten possesses highly developed 
eyes, which are on projections at the edge of the mantle. Area has com- 
pound eyes, similar to those of arthropods. A pair of lithocysts occurs 
in the foot. 

The gonads are branched organs which open into the mantle cavity 
at the base of the gills. In the Protobranchiata and certain other primi- 
tive forms the gonads open into the kidneys, but in most bivalves dis- 
tinct genital ducts are present. The sexes are usually separate, but 
hermaphroditism is not uncommon. Ova and sperm are extruded into 
the water, where fertilization takes place. Special egg capsules are 
not formed ; in the Unionidae, however, the eggs are taken into the water 
tubes usually of the outer and in the Cyrenidae into those of the inner 
gills, where they are protected until they hatch. 

Distribution and Habits, — Pelecypods are all aquatic, and mostly 
marine animals which live in great part in shallow water along the mar- 
gins of the continents. They vary in size between the gigantic Tridacna 
gigas of the Pacific Ocean, the shells of which may be a meter and more 
long and weigh 250 kilograms, and the minute fresh water Pisidium or 
Spharium, which may measure only a few millimeters in length. Most 
of them creep slowly about on the wedge-shaped foot, some can spring 
(Cardium), while some move by squirting water from the siphons 
(Ensis). Pecten swims rapidly by clapping the shells together. The 
food consists of minute animals and plants, which are drawn into the 
mouth by the cilia of the oral palps. Very many bury themselves in 
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the sand or mud or bore into clay, wood, or rock, with only the tips of 
the siphons extending into the water, and are then protected from their 
enemies. Others protect themselves from predacious fish by fastening 
themselves to some other object by means of their byssus, or cementing 
the shell to a rock or stone. 

Bivalves are useful to man in a variety of ways. Many are impor- 
tant articles of food, the oyster and clam being raised artificially for 
this purpose. The shells of numerous species, especially the large fresh- 
water mussels, are used for making buttons and other things, and pearls 
are probably the most valuable single objects obtained from any animal 
whatsoever. 

History.— The term bivalve was employed by Linnaeus, in whose 
system of classification the Bivalvia were a subdivision of the Testacea, 
one of the four divisions of Vermes. Cuvier called the group the Aceph- 
ala, and included in it, besides the bivalves, tunicates, brachiopods, 
and cirripeds. Blainville named bivalves the Lamellibranchiata (1816), 
a name which has had the greatest vogue of any of the numerous names 
given to this group, down almost to the present time. In 1818 Lamarck 
called them the Conchifera, and in 1821 Goldfuss, the Pelecypoda. The 
latter name was revived by Tryon (1884) and Fischer (1885), and has in 
the past few years almost entirely supplanted the others. 

The main subdivisions of the class, in the older books, were usually 
based upon the presence and form of the siphons or the adductor muscles, 
but at the present time the system proposed by Pelseneer (1888), the 
basis of which is the structure of the gills, is universally adopted. 

The Pelecypoda contain about 11,000 species grouped in 5 orders, 
of which a fifth inhabit fresh water; about 15,000 fossil species are known. 

Key to the orders of Pelecypoda: 

a t Gills not lamellar but pinnate (Fig. 800, A), and in the hinder part of the 
mantle cavity ; foot with a creeping surface ; pallial sinus present or 
absent (Fig. 889, 10) 1. Pbotobbanchiat* 

a, Gills composed of rows of parallel filaments (Fig. 890, B) ; no pallial 

sinus ; byssus well developed 2. Filibbanchiata 

a t Gill filaments joined together ; no pallial sinus ; but one muscle. 

3. PSEUDOLAMELLIBBANCHIATA 

o« Gill filaments completely joined, forming a continuous surface (Fig. 
890, G) ; pallial sinus usually present (Fig. 889, 10) ; most 
pelecypoda 4. Eulamellibbanohia** 

o, Gills absent ; pallial sinus present 5. Septibbanchiata- 

Order 1. PROTOBRANOHIATA. 

Gills (Fig. 890, A) consisting on each side of an axis, to which are 
attached 2 rows of short, flat leaflets projecting backwards freely into the 
mantle cavity ; foot more or less of a flat creeping sole often surrounded 
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by a fringed margin; gonads open into the kidneys; 2 adductor muscles; 

mantle either open below or closed; siphons either absent or present: 2 

families, both marine. 

Key to the families of Protobranchiata: 

^ Hinge with teeth 1. Nuculidae 

a. Hinge toothless 2. Solemtidae 

Family 1. NUCULIDAE. 

Shell equivalve, oval or triangular, pearly within; hinge with great 
numbers of saw-like teeth, interrupted by a central pit for the ligament, 
which is either external or internal ; mantle open below ; no byssus ; oral 
palps very large, with a posterior appendage: about 40 species on the 
Atlantic coast, mostly in deep water. 

Key to the genera of Nuculidae here described: 

Ox No siphons; hinder part of the shell not prolonged and without pallia! 

ainus 1. Nucuia 

a, Siphons and pallial sinus present ; hinder part of shell prolonged. 

6 t Pallial sinus large 2. Yoldia 

6, Pallial sinus small 3. Leoa 

1. Nucttla Lamarck. Shell oval, somewhat 

ngS^ 4&3k triangular, with a short posterior side; periostra- 

\jj^ >^J7 cum olive; foot used for burrowing: 70 species, 

Fig. 891 Fig. 892 cosmopolitan. 

Fig. 891— Nucuia N. prozima (Say) (Fig. 891). Shell strongly 

proximo (Verrill). , ,. '., \ Jf v . ' . , , & J 

Fig. 892 — Nucuia oblique, thick; umbo prominent; hinge teeth large, 

nil). 12 behind and 18 before the umbo, the two series 

of teeth forming nearly a right angle; length 10 
mm.; height 9 mm.; width 6 mm.: South Carolina to Gulf of St. Law- 
rence; often common in shallow water. 

N. delphinodonta* Mighels (Fig. 892). Shell ovate, somewhat 
oblique; hinge teeth, 3 behind and 7 before the umbo; length 3.2 mm., 
height 2.7 mm.; width 2.2 mm.: New Jersey to Greenland, in 6 to 100 
fathoms; often abundant; Europe. 

2. Yoldia Moller. Shell elongate, compressed, smooth, and shining, 
attenuated and gaping behind, dark olive in color; mantle open, with 
elongated, united, retractile siphons; animal very active, leaping 
through the water: about 12 species on the Atlantic coast. 

Y. limatnlaf (Say) (Fig. 893). Shell 48 mm. long, 23 mm. high, 
and 13 mm. wide; umbo near the center, the posterior dorsal slope 

• See "Life History of Nucuia delphinodonta," by G. A. Drew, Quart. J. M. S„ 
Vol. 44, New 8er. f 1901. 

f See "Yoldia llmatula," by G. A. Drew, Mera. Biol. Lab., Johns Hopkins, 
Vol. 4, 1889. 
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straight; teeth prominent, 23 on anterior and 18 on posterior side: 
North Carolina to Labrador in shallow water; common; Pacific coast; 
Europe. 

T. aapotilla (Gould). Like the above but much smaller, and with 
about 16 teeth on each side; 22 mm. long, 11 mm. high and 7 mm. wide: 
Long Island to Arctic Ocean; often common, in 4 to 120 fathoms. 

Y. thraciaformis Storer. Shell reniform, rounded and broadest 
behind, gaping at both ends; 5 cm. long; 4 cm. high, and 27 mm. wide; 
hinge with about 12 teeth on each side: Long Island to Arctic Ocean; 
in rather deep water. 

3. Lxda Schumacher. Shell elongated, the hinder part being much 
prolonged; mantle open, with small, united siphons: 80 species, cosmo- 
politan. 

L. tenuisulcata (Couthouy) (Fig. 894). Shell 25 mm. long, 12 mm. 
high, and 7.5 mm. wide, light greenish-yellow in color, with 12 anterior 






Fig. 893 Fig. 804 Fig. 895 

\atula (Verrlll). Fig. 894-^Leda tet 
Fig. 895 — Solemya velum (Verrlll). 



Fig. 893— Yoldia Hmatula (Verrlll). Fig. 894—£«fa tenuisulcata (Gould). 



and 16 posterior teeth: Rhode Island northwards, in shallow water; 
often common. 

Family 2. SOLEMYIDAE. 

Shell equivalve, elongate, cylindrical, gaping at each end; perios- 
tracum thick, extending over the edge of the shell ; hinge toothless ; foot 
long and slender; oral palps elongate; mantle fused below, leaving an 
opening for the foot and one hourglass-shaped siphonal opening behind : 
1 genus. 

Solemya* Lamarck (Solenomya Menke). With characters of the 
family: several species. 

S. velum Say (Fig. 895). Shell very thin and fragile, yellowish- 
brown in color, with about 15 impressed lines radiating from the umbo 
to the margin, bluish-white within, 25 mm. long, 12 mm. high, and 8 mm. 
wide: North Carolina to Nova Scotia; usually buried in the sand; also 
found swimming backwards and forwards ; often common. 

S. borealis Totten. Like the above but much larger and darker; 
length 5 cm. ; height 22 mm. ; width 14 mm. : Long Island Sound to Nova 
Scotia; rare. 

• See "Locomotion in Solenomya," etc., by O. A. Drew, Anat. Anz., Vol. 17, 1900. 
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Order 2. FIUBEANCHIATA. 

Gills consisting on each side of an axis, to which are attached 2 
rows of very long, filamentous leaflets (Pig. 890, B), which hang down 
far into the mantle cavity, each row being recurved and bent upwards, 
so that each leaflet has a descending and an ascending limb, which are 
not joined by interlamellar partitions, except in the Mytilidae; genital 
and kidney pores separate (except in the Anomiidae) ; foot usually weak, 
with well developed byssus; 2 adductor muscles; mantle open below; 
siphons absent or little developed: 4 families, all marine. 

Key to the families of Filibranchiata here described: 

Ox Shell not equivalve, animal attached 1. Anomtidae 

a. Valves of shell alike. 

6 & Not attached by byssus 2. Abcidae 

6, Attached by byssus 3. Mytilidae 

Family 1. ANOMIIDAE. 

Shell thin, with asymmetrical valves, the right valve being undermost 
and provided with a deep notch or a hole, through which a calcified 
byssus projects, fastening the animal to a rock or 
a shell; oral palps wanting; posterior adductor the 
larger; mantle fringed, with short cirri; no siphons; 
foot cylindrical, expanded and grooved at the end; 
sexes separate: 4 genera. 
Anomia-eptoppium Anoxia L. Right valve flat ; left valve convex : 

i,«;2 ( 40 species, 
right valve; 3, notch. a. ephippiwn L. (A. simplex D'Orbigny). 

Jingle shells (Fig. 896). Shell variable in shape, 
circular or oval in outline, about 25 mm. in diameter, or larger; outer 
surface scaly and dark colored, but in dead shells often worn off, ex- 
posing the glistening greenish or golden mother of pearl: Nova Scotia 
to Texas; West Indies; in shallow water, abundant on oyster beds; 
Europe, where it is used for food. 

A. aculeata Gmelin. Shell 12 mm. in diameter, covered with scaly 
or prickly radiating lines on upper valve: Long Island to the Arctic 
Ocean; Europe; in shallow water; common north of Cape Cod. 

Family 2. ABCIDAE. 

Shell oval, symmetrical, with a heavy periostracum, and usually 
with the radial corrugations; hinge with a row of similar comb-like teeth; 
mantle open below; foot large, bent, and grooved; both adductors large; 
no siphons: several hundred species; cosmopolitan. 
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Aboa L. Blood clams. Shell equivalve, or nearly so, thick; umbo 
anterior; foot pointed, with a byssus; edges of mantle with numerous 
compound eyes: 140 species. 

A. noae L. Noah's arch. Shell elongated, wide, angular, almost 
quadrangular; umbo prominent, the two being far apart; valves gaping 
below, with radial ribs; length 10 cm.: Cape Hatteras, southwards, in 
shallow water; West Indies; Pacific coast; Medi- 
terranean Sea. tfW&Z&Sip^ 

A. pezata Say (Fig. 897). Shell thick, oblong, J$&_ ||||k 
with prominent umbo directed very obliquely for- fl l^w^^?£3 
wards, and with about 32 to 36 radiating ribs, 56 ^lj$f^M^^^^ 
mm. long, 53 mm. high and 37 mm. wide ; periostra- ^^"'^^^Ul^ijiiSi^^^^ 

cum thick and shaggy and dark brown in color: Fig. 897 

Maine to Florida, often common on the bottom in Arca pe9ata < Gould >- 
shallow water, or attached by the byssus. 

A. transversa Say. Shell rhomboidal, the umbo not directed so 
obliquely forwards as in A. pexata, with 32 to 36 ribs; color brown; 
length 37 mm.; height 25 mm.; width 37 mm.: Cape Cod to Florida, in 
shallow water. 

Family 3. MYTILIDAE. 

Mussels. Shell elongate, equivalve, with umbo at or near anterior 
end; hinge usually toothless; foot cylindrical and grooved, with byssus; 
anterior adductor small, posterior large ; distinct cloacal but no branchial 
siphon: several hundred species. 

Key to the genera of Mytilidae here described : 

Ot Animals not boring:. 

6, Umbo at extreme anterior end 1. MTTILUS 

6, Umbo not quite at anterior end. 
c L Length 25 mm. or over. 

<Z, Two striated areas not present 2. Modiolus 

</, Two distinct striated areas 3. Modiolaria 

c t 12 mm. long 4. Crenella 

o, Boring animals 5. Lithophaous 

1. Mytilus L. Shell wedge-shaped, being pointed in front and 
round behind, smooth; umbo at anterior end: 65 species; cosmo- 
politan. 

M. edulia L. (Fig. 898). Edible mussel. Color of periostracum 
black or dark brown, within pearly with violet margins; length 10 cm.; 
height 35 mm.; width 25 mm.: circumpolar, south to North Carolina 
and San Francisco; Europe; very common, attached to rocks and to 
each other; between tide lines and in shallow water; used for food in 
Europe. 
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2. Modiolus Lamarck. Horse mussels. Shell wedge-shaped, in- 
flated in front; umbo not quite at front end: 70 species; cosmopolitan; 

the animals burrow in the 
sand and gravel, and differ in 
this respect from Mytilus. 

M. modiolus (L.) (Fig. 
899). Periostracum thick, 
coarse in texture, dark brown 
in color; interior pearly; 
length up to 15 cm., but usu- 
ally under 4 cm.; usual height 
2 cm. ; width 45 mm. : circum- 
polar, south to New Jersey 
and San Francisco; Europe; 
common in deep water, among* 
rocks and gravel. 
M. demissus Dillwyn. Shell elongate; surface marked by numerous 
impressed radiating ribs; color greenish-yellow; pearly within, tinted 
with purple; length 75 mm.; height 30 mm.; width 23 mm: Georgia to 
Nova Scotia; very common on mud flats; also at San Francisco. 

s3. Modiolahia Gray. Shell elliptical, front end blunt; surface 
with two areas of fine radial striations, one anterior and one posterior, 
between which there are no striations ; cloacal siphon long : many species. 




Fig. 898— Mytilus edulis (Lang), 
umbo ; 3, cloacal siphon ; 4, mantle 



1, foot; 2, 
5, byssos. 





Fig. 899 Fig. 900 

Fig. 899— Modiola modiolus (Verrlll). Fig. 900— Modiolaria nigra (Verrill). 

M. nigra (Gray) (Fig. 900). Shell 5 cm. long, 28 mm. high, and 15 
mm. wide; brown in color; anterior striated area small in extent: cir- 
cumpolar, south to Long Island, in shallow water; Europe. 

M. discors (L.). Shell oval, 25 mm. long, 16 mm. high, 10 mm. 
wide, dark greenish in color; anterior area with 16 striations: circum- 
polar, south to Long Island and Puget Sound, from low water to 500 
fathoms; common north of Cape Cod; Europe. 

4. Obevslla Brown. Shell small, oval or rhomboidal, with numer- 
ous radiating striations or ribs; hinge with a tooth in each valve; foot 
with a disc at end; byssus a single thread; umbo near anterior end: 
about 5 species on the Atlantic coast. 
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Fig. 901 
Crenella 
glandula 
(Verrill). 



0. glandula (Tot ten) (Fig. 901). Shell 12 mm. long, 9 mm. high, 
7 mm. wide, brownish-yellow in color: New Jersey to Gulf of St. Law- 
rence, in shallow water. 

5. LiTHOPHAGXTS Bolten (Lithodomus Cuvier) . Shell cy- 
lindrical, inflated, rounded in front, wedge-shaped behind : 
4 species on the South Atlantic and 1 on the Pacific coast. 

L. lithophagus (L.) (Fig. 
902). Shell elongate, 3 to 8 
cm, long, with fine longitu- 
dinal and transverse lines: Florida; West 
Indies; Europe; it attaches itself to a 
rock by its byssus when young, into which 
it bores when adult, forming a hole the 
shape of the shell. It made the holes in 
the columns of the Temple of Serapis 
at Puzzuoli in Italy, which are used as 

Fig. 902 proof 8 of the oscillations of the coast in 

Lithophagus lithophagus _ t 

(Rogers). that region. 



Order 3. PSEUDOLAMELLTBRANCHIATA. 

The consecutive filamentous leaflets of each row of the gills are 
more or less connected, and the two limbs of each leaflet are joined 
by interfilamentary partitions (Fig. 890, C) ; the ascending limb also of 
the outer leaflet is united with the mantle, except in Pectinidae; foot 
weak or absent ; genital and kidney pores distinct except in the Pectinidae; 
but 1 adductor muscle, the anterior usually being very small or absent; 
mantle entirely open, with no siphons : 4 families, all marine. 

Key to the families of Pseudolamellibranchiata here described: 

o t Two adductor muscles, the anterior one very small 1. Aviculidae 

a, But one adductor muscle. 

& t Shell irregular ; oysters 2. Ostbeidae 

o, Shell regular ; scallops 3. Pectinidae 

Family 1. AVICULIDAE. 

Shell usually with valves of unequal size, the right valve being 
smaller; animal rests on the right valve and is attached by its byssus: 
numerous species, in tropical and temperate seas ; about 6 species on the 
Atlantic coast, all towards the south. The pearl oyster, Meleagrina 
margaritifera (L.), which attains a length of 30 cm. and lives in the Indian 
Ocean in 6 to 15 fathoms, belongs to this family. A closely allied 
species of the same genus in the West Indian waters also furnishes 
pearls. 
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PnrarA L. Shell equivalve, wedge-shaped, with the pointed end, on 
which is the umbo, anterior in position; posterior end broad and gaping; 
hinge teeth absent: 30 species, some of which produce black pearls of 
considerable value. 

P. mnricata L. (Fig. 903). Shell white and semitransparent, with 
straight sides with obscure longitudinal ribs, which are covered with 
scales; length 17 cm.: North Carolina to Texas. 

Family 2. OSTREIDAE. 

Oysters. Shell inequivalve, resting on and attached by the left 
valve, irregular and variable in shape, very thick, often in folded layers; 
foot absent: 1 genus. 

Ostbea* L. Shell circular or elongate, upper valve more or less flat 
and the lower convex; umbo and hinge at forward end; hermaphroditic 
or unisexual; adductor muscle near the middle with the heart just in 





Fig. 904 



Fig. 908 

Fig. 903 — Pinna mnricata (Rogers). Fig. 904 — Ostrea Virginia* — left valre 
removed to show organs (Brooks). 1, right valve of shell; 2, mantle; 3, gills 
4, labial palps ; 5, rectractor muscle ; 6, mouth ; 7. intestine ; 8, stomach sui 
rounded by the liver; 9, anas; 10, visceral mass; 11, posterior end of animal 
12, dorsal aide of animal. 



front of it; muscle impressive violet or brown; shell white: about 100 
species, in all seas except the colder ones ; 1 species on the Atlantic and 
1 on the Pacific coast; 500 fossil species. 

O. virginica Gmelin (Fig. 004). The American oyster. Length up 
to 45 cm., usually about 12 cm. : Gulf of Mexico to Massachusetts, locally 
to Qulf of St. Lawrence, in shallow and brackish water, often very 
abundant, the most valuable American invertebrate animal; introduced 
on the Pacific coast. 

* See "The OyBter," by W. K. Brooks, 2nd Ed., 1905. "A Manual of Oyster 
Culture/* by Caswell Grave, Fourth Rep. Maryl. Shell! Com., 1912. 
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O. lnrida Carpenter. The Pacific coast oyster. Diameter 5 cm. or 
less; shell thin and purplish: Paget Sound to California. 

Family 3. PECTINIDAE. 

Scallops. Shell inequivalve, either free or attached, with radial ribs 
or striations; foot cylindrical; without siphons: about 7 genera. 

Pecten 0. F. Miiller. Shell consisting of a round body with radi- 
ations and 2 wings; hinge line straight and toothless; shell rests on the 
right valve, which is the less convex and has a prominent notch, where 
the anterior wing joins the body of the shell ; muscle near the middle of 
the body; gill attached by one lamella only: numerous species. Scal- 
lops leap and swim by snapping the shell together, giving them a zigzag 
course ; they are used for food, the muscle being usually the only part eaten. 

Key to the species of Pecten here described : 

Oj Valves with about 20 radiating ribs P. irbadians 

a, Valves with about 50 ribs P. islandicus 

a, No ribs P. maqellanicus 

P. irradi&ns* Lamarck. Common scallop 
(Fig. 905). Shell with about 20 radiating ribs 
and with numerous lines of growth ; wings large 
and equal in size ; color variable, the upper valve 
being the darker ; length 75 cm. ; breadth a little 
less; 30 to 40 bright blue eyes in the edge of 
each mantle : Cape Cod to Texas, locally farther 
north ; often abundant among eel grass and over 
mud flats. Flg.^Pgtenfrradian* 

P. ifllandicus (Mul.). Shell with over 50 
narrow ribs; wings unequal in size, length cm.; width 75 mm.: Cape 
Cod to Arctic Ocean ; Europe. 

P. magellanicusf (Gmelin). Qiant scallop. Shell without ribs but 
covered with fine radiating striations, 17 cm. long; wings equal in size; 
upper valve brown, lower white: New Jersey to Labrador. 

Order 4. ETJLAMELLIBRANCHIATA. 

Two gills on each side (Fig. 890, C), each of which is composed of 
the filamentous leaflets joined by vascular trabeculae (interfilamentary 
connections) to form a continuous lamella; each gill composed of 2 
lamellae, which are the two limbs of the leaflets joined by interlamellar 

• See "Habits and Life History of the Scallop (Pecten irradians) ," by J. Kisser, 
Ann. Com. Pish., Rhode Island, 1901. 

t See "Habits, etc., of the Giant Scallop," etc., by G. A. Drew, Stud. Univ. of 
Maine, No. 6, 1906. 
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partitions, the ascending limb of the outer leaflet being united with the 

mantle; genital glands have independent openings to the outside; two 

adductor muscles usually present; mantle edges more or less fused and 

the siphons present (Fig. 888), either in form of closed tubes or not; 

foot usually large, with byssus little or not at all developed: about 27 

families, grouped in 7 suborders, including most pelecypods. 

Key to the suborders of Eulamellibranchiata : 

Ox Mantle often below, shell usually with no pallial sinus. . . .1. Submttojlcxa 
a, Shell usually thin, with pallial sinus (Fig. 889, 10) ; siphons usually 
present. 
6 t Pallial sinus prominent 

Ot Pallial sinus extending far forwards 2. Teluivacea 

c t Pallial sinus not so large. 
d x Animals do not bore in solid objects. 

6t Shell thick and solid and more or less round 3. Veneracea 

tt Shell rather thin and usually elongate 5. Myacea 

&i Animals bore in clay, wood, or rock G. Pholadacea 

6, A slight pallial sinus or none present. 

^ Shell thick, usually ribbed 4. Cardiacea. 

Ct Shell thin 7. Anatinacea 

Suborder 1. SUBMYTILACEA. 

Mantle edges open below; closed siphons and pallial sinus usually 
absent; 2 adductor muscles; cardinal and lateral teeth (Fig. 889) well 
developed : about 16 families, in fresh and salt water. 

Key to the families of Submytilacea here described: 

Ox Animals marine. 
6 t Shells not minute, although in some cases small. 

c t Shells radially grooved 1. Carditidae 

c, Shells not radially grooved, 
dt Umbo not at forward end. 
^ Lunule present (Fig. 880, 4). 
fx Adductor muscle impressions nearly equal in sice. 

g x Shell mostly more than 20 mm. long 2. Astabtidae 

g t Shell mostly less than 8 mm. long 3. Crabsatellidak 

/, Anterior muscle impression much the longer 7. Lucinidae 

€x Lunule absent 4. Ctpbxntdae 

rf, Umbo at forward end 6. Dreissensiidae 

5, Shells minute. 

c x Ligament external 8. Kelltelltoae 

c, Ligament internal 0. Ebycinidae 

a, Animals in fresh water. 
b x Shell large 5. Unionidae 

6, Shell minute 10. Ctbenidae 

Family 1. CARDITIDAE. 

Shell heart-shaped or ovate, with radiating ribs or striations, hinge 
thick, with 1 or 2 cardinal and 1 or 2 lateral teeth; foot with byssus; no 
closed siphon: about 10 genera, all marine. 
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Vknerxoabdxa Lamarck. Shell with a rough periostracum; hinge 
with 2 large oblique cardinal teeth and 1 lateral in each valve; ligament 
external: several species on the Atlantic coast. 

V. borealis (Conrad) (Fig. 906). Shell with about 20 rounded ribs; 
umbo elevated and turned forwards, almost to the anterior end in old 
shells; length 25 mm.; height and width 17 mm.: New Jersey to Lab- 
rador; in rather deep water; Pacific coast. 

Family 2. A8TAETIDAE. 

Shell thick, equivalve, with 2 or 3 strong cardinal teeth in each 
valve; ligament external; laterals absent or rudimentary; lunule distinct; 
a short cloacal siphon present: about 
12 genera, all marine. 

AflTAKTE Sowerby. Shell roundly 
oval, with a smooth surface marked 
with concentric striatums: 20 species, 
circumpolar. 

A. castenea (Say) (Fig. 907). Fig. 906 Fig. 907 

Chestnut shell. Shell thick, ovate; Fig. 906 — Venerieaudia borealis 

' . (Gould). Fig. 907— Aatarie casta- 

umbo elevated and nearly central; an- nea (Gould). 

terior end slightly concave, posterior 

slightly convex ; color chestnut ; length and height 25 mm. ; width 13 mm. : 

New Jersey to Nova Scotia; in shallow water; often common. 

A. nndata Gould. Like the above, with 10 to 20 strongly developed 
concentric ridges; color brownish-olive; length 25 mm.; height 27 mm.; 
width 14 mm.: Long Island Sound to Gulf of St. Lawrence, in shallow 
water; common; Pacific coast. 

A. quadrans Gould. Shell triangular, smooth, yellowish in color; 
umbo central ; length 11 mm. ; height 10 mm. ; width 5 mm. : Long Island 
Sound to Gulf of St. Lawrence. 

Family 3. CBASSATELLITIDAE. 
Shell thick, equivalve, more or less triangular; umbo towards the 
forward end, usually concentrally striated; hinge with 1 or 2 cardinal 
teeth; lunule distinct; ligament internal; no closed 
siphons: about 6 genera, all marine. 

Gramatbllxtzs Kriiger. Umbo nearly central, an- 

CraSsafeil* terior dorsal line straight ; 2 cardinal teeth in right valve, 

7^uid)? an< * * "* th° taft; 1 lateral in each: 1 species on the 

Atlantic coast. 

0. mactracea (Linsley) (Fig. 908). Shell small, solid, with about 14 

concentric ribs on the surface; color yellowish-green; 6 mm. long and 
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2.5 mm. wide: Cape Cod to Texas; common in shallow water; West 
Indies. 

Family 4. CYPRINIDAE. 

Shell regular, equivalve, more or 
less oval, thick, with a thick periostra- 
cum; ligament external; pallial line sin- 
nous; both siphons complete: numerous 
species. 

Oypriha Lamarck. Umbo nearly 
central, directed towards the forward 
end ; hinge with 3 diverging cardinal teeth 
and a posterior lateral in each valve ; foot 
thick: 1 species on the Atlantic coast. 
0. ialandica (L.) (Fig. 909). Shell 
thick, coarsely wrinkled, 80 mm. long, 75 mm. high, and 45 mm. wide, 
dark colored : Long Island to the Arctic Ocean, in rather deep water, but 
often thrown ud on the beach; Europe. 




Fig. 909— Cyprina islandica 
(Gould). 



Family 5. UNIONIDAE.* (Naiades.) 
Fresh-water clams or mussels. Shell equivalve, with a thick pearly 
layer and a dark-colored periostracum ; umbo towards the anterior end; 
ligament external and 

prominent; hinge teeth j u T f 

consisting of cardinals and £,. 

posterior laterals (Fig. 
910), present or not; anal 
siphon complete but very 
short; foot large, with 
byssus only in the young: 
cosmopolitan; about 1,000 
species, of which over 500 
occur in this country, all 
living in fresh-water 
streams and ponds; some 
are used for food, and the 




lg. 910 — Diagram of the left valve of LamprtU* 
Utteolu8 (Baker). 1, posterior adductor muscle 
scar ; 2, posterior foot retractor muscle scar ; 3, 
posterior lateral teetb ; 4, ligament ; 5, umbo ; 
6, luoule; 7, anterior adductor muscle scar; 8. 
cardinal teetb ; 9, anterior foot retractor muscle 
scar ; 10, pallial line. 



* See "Observations on the Genus Unlo with Descriptions of New Species," by 
I. Lea, 13 vols., Philadelphia, 1834-1874. "Synopsis of the Naiades or Pearly Fresh- 
water Mussels," by C. T. Simpson, Proc. U. S. Nat Mus., Vol. 22, p. 601, 1900. "A 
Preliminary List of the Unionidae of West. Penn.," etc., by A. B. Ortmann, Ann. 
Cam. Mus., Vol. 5, 1909. "Notes upon the Families and Genera of the Naiades," 
by same, same jour., Vol. 8, 1912. "Notes on the Unionidae and Their Classification," 
by V. Sterki, Am. Nat, Vol. 37, p. 103, 1903. "Studies on the Reproduction and 
Artificial Propagation of Fresh-water Mussels," by G. Lefevre and W. C. Curtis, BulL 
Bur. Fish., Vol. 30, p. 105, 1912. 
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shells of many of the thick-shelled species are manufactured into buttons. 
The eggs are carried usually in the outer pair of gills until the young 
larvae, which are called glochidia, are hatched. These attach them- 
selves, except in Strophitus, to the skin of fishes, in which they become 
encysted, and there complete their development. 
Key to the genera of Unionidae here described: 

«! Hinge teeth (Fig. 910) well developed; shell usually thick. 
6* Shell with distinct rays radiating from the umbo (Fig. Oil) . .1. Lampsilis 
6, No distinct rays. 

c x Shell elongate 6. Unio 

c, Shell quadrate 8. Quadbula 

o, Hinge teeth absent or rudimentary ; shell thin. 
&t Teeth absent. 

c, Hinge line not incurved in front of umbo 3. Anodonta 

c, Hinge line incurved 7. Anodontoides 

6, Teeth incomplete or rudimentary. 

Cj Shell elongate, reniform 5. Mabqaritana 

c, Shell rhomboid or round. 

d x Teeth rudimentary 2. Stbophitus 

d 3 Cardinals present, laterals blurred 4. Alasmidonta 

1. Laxpsius Rafinesque. Shell oval or elliptical, usually thick, 
with a hard, bright, usually rayed periostracum ; hinge with 2 cardinals 
(Fig. 010, 8) and 2 (posterior) laterals in the left and usually 1 of each 
in the right valve; male and female sexually dimorphic, the female shell 
being swollen at the base just behind the middle: 128 species, all 
American. 

Key to the species of Lampsilis here described: 

Ox Length not twice the height 
6 t Length one-third greater than the height 
Cx Cardinals strong and prominent 
dx Shell compressed. 

Cx Umbo and rays prominent . . L. radiata 

e t Umbo and rays not prominent L. ligamentina 

d, Shell very wide L. ventbicosa 

c, Cardinals weak L. gracilis 

ft, Length nearly twice the height. 

Cx Shell large and thick L. luteola 

c t Shell small and compressed L. ibis 

o, Length about 2% times the height 

6 t Color black L. recta 

5, Color yellow L. anodontoides 

L. radiata (Gmelin) (Fig. 911). Shell ovate, somewhat angular 
posteriorly, umbo at the anterior fourth ; surface with numerous rays of 
dusky green; length 75 mm.; height 42 mm.; breadth 30 mm.: Atlantic 
slope, south to North Carolina; northerly to St Lawrence slope; west 
to Manitoba; common. 
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Fig. 911— Lamprtlls radiata 
(Gould). 



L. ventricosa (Barnes). Pocket-book clam. Shell swollen, ovate, 
thick and heavy, rounded before and behind, 15 cm. long, 9 cm. high and 

6 cm. wide: valleys of Mississippi and St. 
Lawrence, in large streams and lakes ; com- 
mon; used in button-making. 

L. gracilis (Barnes). Shell elliptical, 
compressed, round in front, rounded and 
very broad behind, 12 cm. long, 7 cm. high, 
4 cm. wide; color yellow with green rays 
extending from the umbo; cardinals weak, 
but 1 in each valve: Mississippi and St. Lawrence valleys; Hudson River; 
on muddy bottoms. 

L. recta (Lamarck). Black sand shell (Fig. 912, A). Shell elon- 
gate, compressed, heavy, rounded in front and triangular behind, 11 cm. 
long, 5 cm. high, and 3 cm. wide, black in color; 2 cardinals in each 
valve: Mississippi and St. Lawrence valleys, in large lakes and rivers; 
used in button-making. 

L. anodontoides (Lea). Yellow back. Shell elongate, swollen, tri- 
angular behind, 8 cm. long, 35 mm. high, 27 mm. wide, bright yellowish- 
brown in color; 2 cardinals in each valve: valley of the Mississippi and 
of the Gulf of Mexico; used in button-making. 




Fig. 912 



Fig. 913 



Fig. 912— A, Lamp$Ws recta; B. L. luteola; C, L. irU (Baker). Fig. 913— 
Strophitus edentulus (Baker). 

L. luteola (Lamarck) (Fig. 912, B). Shell elliptical, inflated, 
rounded in front and oval behind, 11 cm. long, 6 cm. high, and 48 mm. 
wide; color light or dark green; 2 cardinals in each valve: Mississippi 
and St. Lawrence valleys, in lakes and rivers; common. 

L. iris (Lea) (Fig. 912, C). Shell small, elliptical, compressed, 57 
mm. long, 3 cm. high, 2 cm. wide; color yellowish, with numerous wide, 
interrupted, green, radial rays; 2 cardinals in each valve: New York to 
Illinois, south to Texas; common. 

L. ligamentina (Lamarck). Mucket. Shell elliptical, thick, and 
heavy, 10 cm. long, 6 cm. high, and 35 mm. wide, yellowish or greenish 
in color, with dark radiating rays ; 2 cardinals in each valve : Mississippi 
and St. Lawrence valleys; used in button-making. 
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2. 8TB0FKXTTO* Rahnesque. Shell inflated, rounded, with a hard, 
shining periostracum ; teeth rudimentary, consisting of an irregular ridge 
in the left and 1 or 2 faint ridges in the right valves; male and female 
shells alike; glochidia not parasitic: 8 species, all American. 

8. edentulus (Say) (Fig. 913). Shell ovate, hinder margin forms 
an obtuse angle with dorsal margin; umbo but little in front of the mid- 
dle; interior, bluish-white; surface yellowish, with dark rays; lengtn 8 
em. ; height 4 cm. ; width 3 cm. : eastern and central states. 

3. Anodoota Lamarck. Shell thin, oval or elongate, inflated; peri- 
ostracum generally smooth and without rays; hinge without teeth, regu- 
larly curved; cloacal siphon without papillae; male and female shells 
alike: 55 species, 30 American, the animals living usually in muddy 
streams and ponds, often buried in the mud. 

Key to the species of Anodonta here described: 

Oj Shell large. 

5, Dorsal margin straight A. cataraota 

b M Umbo with undulating wrinkles A. grandis 

o, Shell with very thick margins A. imfucata 

o, Shell small and bright green A imbechjb 

A. cataracta Say (A. fluviatilis Gould) (Fig. 914, A). Shell oval, 
large, crested behind, deep green in color, with obscure radial rays, 
white within, with a lilac tint; hinge margin straight; 11 cm. long, 7 cm. 
high, 37 mm. wide; shell 

rounded in front and form- f^^^ ^ ^ -^L^T^^^ ^ 

ing an obtuse angle behind : /r^ S* ^^ -^"^Ct^ 

Atlantic slope, south to ff f f^ >^ c 

North Carolina; common. II / I ** 

A. grandis Say (Fig. 
914, C). Shell elliptical, in- 
flated, green or black in 
color, with usually faint il4 

radiating rays, 12 cm. long, a, Anodonta cataraota (Gould) ;B, A. implicaia; 

° J ' °' C, A. grandis; D, A. imbecilis (Baker). 

7 cm. high, and 5 cm. wide, 

or larger; umbo marked with about 5 elevated undulating wrinkles: 

central states; common. 

A. implicata Say (Fig. 914, B). Shell oval, thick and heavy, with a 

rough, light yellowish-green outer, and a pink inner surface, 10 cm. long, 

56 mm. high, and 35 mm. wide ; hinder end with a truncated point which 

is joined with the umbo by a very pronounced edge: Atlantic slope as 

far south as Virginia; valley of the St. Lawrence. 

• "Metamorphosis without Parasitism." etc., by O. T*fevre and W. C. Curtis, 
Science, N. S., Vol. S3, p. 863. 
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A. imbecilia Say (Fig. 914, D). Shell very thin and fragile, ellip- 
tical, smooth and shining, 59 mm. long, 29 mm. high, and 21 mm. wide; 
dorsal margin straight ; bright grass green in color, with numerous darker 
radial rays: valley of the Mississippi. 

4. Alabiodohta Say. Shell elliptical or rhomboidal, inflated, with 
a well-developed posterior ridge; umbo rather prominent, with a few 
coarse, parallel ridges; interior surface bluish; hinge with imperfect 
teeth, 1 large cardinal being under the umbo in the left valve and a 
smaller one in front of it and 1 cardinal in the right; laterals blurred: 
15 species, all in North America, in muddy rivers, often buried several 
inches in the mud. 

Key to the species of Alasmidonta here described: 

o x Shell large. 

bx Height about half the length A. costata 

b t Height nearly equal to length A. com plan at a 

a, Shell small A. undulata 

A. costata Rafinesque (A rugosa Barnes). Shell elliptical, 16 cm. 
long, 8 cm. high, and 46 mm. wide; surface with heavy lines of growth, 
which form prominent wrinkles on the upper posterior portion; yellow- 
ish-green in color, with delicate radial rays ; cardinals thick : Mississippi 
and St. Lawrence valleys. 

A. complanata Barnes. Hatchet back (Fig. 915). Shell very thick, 
high, and irregular in shape, the posterior portion being quadrate or 
triangular; umbo with 4 coarse elevated ridges arranged in a double loop, 
the apex of which points forwards; color black or 
brown, sometimes reddish; cardinal in right valve 
very long; 15 cm. long; 11 cm. high; 5 cm. wide: 




entire central part of continent, as far south as 
Arkansas; common; sometimes contains pearls; 

F^l^Alasmi- used in makin £ button* 

donta gmpianata a. undulata (Say) (Fig. 916, B). Shell short, 

ovate, inflated, dark green in color, with alternately 

yellowish and dark radiating rays ; umbo large and prominent, with 3 or 

4 concentric oblique undulations; 1 cardinal in each valve supported by 

a strong internal rib; 50 mm. long; 35 mm. high; 25 mm. wide: Atlantic 

slope, south to South Carolina. 

5. Mabgabitaka Schumacher. Shell large, elongated; hinge teeth 
more or less imperfect and small ; laterals sometimes wanting : 6 species ; 
circumpolar. 

M. margaritifera (L.) (Fig. 916, A). Shell more or less reniform, 
thick, black in color; umbo not prominent; length 12 cm.; height 5 cm.; 
width 3 cm.; cardinals, 2 large ones in left valve, the posterior grooved 
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in front, 1 in right valve also grooved; laterals wanting: circumpolar, as 
far south as north latitude 40 degrees, but wanting in the central part 
of the continent; often very common in running streams. 

6. Uyio Retzius. Shell usually thick, oval or elongated, rounded in 
front and pointed behind; hinge teeth well developed, there being 2 
cardinals and 2 laterals in the left, and 1 of each in the right valve; 
cloacal siphon fringed: circumpolar; 145 species; about 100 American 
species, mostly in the southern states. 

U. gibbosus Barnes (Fig. 916, C). Shell rather elongate, thick and 
heavy; dull brown in color; umbo marked by 5 or 6 large, wavy ridges; 



ms 




Fig. 016 



Fig. 917 



Fig. 916 — A, Margaritana margartifera; B, Anadonta undulata (Gould) ; 
C, Vnio gibbottua (Baker). Fig. 917 — Unio complanatus (Gould). 

length 8 cm. ; height 35 mm. ; width 20 mm. : valleys of Mississippi and 
St. Lawrence; also Qulf slope; common. 

U. complanatUB (Dillwyn) (Fig. 917). Shell ovate, compressed, 
rather thin, very dark brown or green ; interior usually pink ; hinge with 
a single large pyramidal and striated cardinal in the right valve, with a 
vestige of a tooth in front of it and 2 pyramidal cardinals in the left 
valve; laterals long and slightly curved; length 10 cm.; width 3 cm.: 
Atlantic slope, south to Georgia; one of the commonest fresh- water 
mussels. 

7. Anodoktoxdeb Simpson. Shell elliptical, thin, with a smooth, 
bright outer surface; umbo with a few coarse, concentric ridges; hinge 
teeth reduced to mere rudiments or wanting; inner 
surface bluish-white : 2 species. 

A. ferussacianus (Lea) (Fig. 918). Length 74 
mm. ; height 39 mm. ; width 29 mm. ; color grass green, 
sometimes brown: valleys of the Mississippi and St. 
Lawrence; common. 

8. Qvadsttla Rafinesque. Shell triangular, quadrate or rhomboidal, 
thick and heavy, inflated; umbo high; hinge teeth well developed; anal 
siphon with minute papillae or with none; male and female shell-like; 
both the inner and the outer gills carry the eggs: 100 species, in North 
America and Asia; 73 American species, mostly in the Mississippi valley. 




Fig. 918 
Anodontoidet 
feru*8acianu8 

(Baker). 
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Key to the species of Quadrula here described: 

<H Shell elliptical. 

&t Shell smooth Q. bubioinosa 

6, Shell coarsely wrinkled Q. undulata 

a, Shell round Q. pustulosa 

Q. rnbiginosa (Lea). Shell elliptical, thick, compressed, dark yellow 
in color; umbo marked with 5 or 6 heavy ridges; cardinals doable in both 
valves; 7 cm. long; 6 cm. high, and 3 cm. wide: valleys of the Mississippi 
and St. Lawrence. 

Q. undulata (Barnes). Blue foot (Fig. 919). Shell squarish, com- 
pressed, very thick and heavy; umbo marked by 5 coarse diverging 
3 ridges; cardinals double in both valves; 

length 15 cm. ; height 10 cm. ; width 6 cm. ; 
color brown or black: valleys of Missis- 
sippi and St. Lawrence; also Gulf slope; 
common; used for button-making. 

Q. pustulosa (Lea). Shell round, in- 
flated, thick, and heavy, 59 mm. long and 

Fig. 910 Quadrula undulata high and 36 mm. wide, yellowish-brown in 

T£^h m iX^^M <*>l°r, w^h a broad band of dark green 
nals; 3, umbo. extending from the umbo to the ventral 

border; cardinals double in both valves: Mississippi valley; Michigan; 
Gulf slope. 

Family 6. DBEISSENSIIDAE. 

Shell like Mytilus without its pearly lining; umbo at the interior 
end; mantles fused below, with both siphons complete and prominent; 
foot small, with byssus: 2 genera; marine. 

Oonge&IA Partsch. With the characters of the family: several 
species. 

D. leucophaeta (Conrad). Shell 13 mm. long, 7 mm. high, 6 mm. 
wide ; outer surface rough and brownish : Maryland and southwards, on 
oysters in brackish water. 

Family 7. LUCINIDAE. 

Shell round, equivalve, compressed ; anterior muscle impression nar- 
rower and much longer than the posterior; foot very long, without 
byssus; mantle open below; siphons usually incomplete; ligament more 
or less internal : 200 species. 

Key to the genera of Lucinidae here described : 

o* Hinge teeth present 1. Lucira 

a, No teeth 2. Cryptodon 
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1. LxroiHA Bruguiere. Hinge teeth consisting of 1 or 2 cardinals 
and usually 2 laterals in each valve; lunule distinct; foot sometimes 
twice as long as the animal, and hollow : 100 species. 

L. filosa Stimpson (Fig. 920). Shell thick, regular; hinge margin 
straight; surface whitish, with prominent lines of growth; 1 cardinal in 
the left and 2 in the right valve ; no laterals ; length 
and height 37 mm. ; width 15 mm. : Arctic Ocean to 
Patagonia, in rather deep water. 

2. Ostptodoh Turton. Teeth absent; foot long 
and very slender: 16 species. 

0. gouldi (Philippi). Shell minute, white, 7.5 
mm. long, 8 mm. high, 2.5 mm. wide : Long Island to 
Gulf of St. Lawrence, in 6 to 300 fathoms. $® m (Gould). 




Fig. 920 — Lucina 
fio, 



Family 8. KELLYELLIDAE. 

Shell minute, thin, equivalve, round or oval ; hinge with 1 or 2 car- 
dinals, a prominent anterior lateral, which is beneath the cardinal, and a 
posterior lateral, which may he wanting; ligament external; no pallial 
sinus ; mantle open below ; anal siphon complete : 1 species on the Atlantic 
coast. 

Txtetonia Forbes and Hanley. Shell attached by a byssus; shell 
oval: in northern seas. 

T. minnta ( Fabric i us) (Fig. 921). Length 2 mm.; height 1.2 mm.; 
width 1 mm. ; color yellowish inside and out, blending into purple on the 
umbo : circumpolar, south to Cape Cod and Alaska ; common under stones 
at low-water mark and among the roots of seaweed; Europe. 




Family 9. EBYCINIDAE. 

Shell minute, thin, equivalve; hinge with 1 or 2 cardinals of which 
the anterior one is oblique; laterals not constant; ligament internal; no 
pallial sinus; mantle united below, with 3 open- 
ings, a posterior anal opening, a median one for 
the foot, and an anterior branchial opening; foot 
long, with byssus; viviparous: marine; 5 genera. 
Kellia Turton. Shell without pallial sinus 
and with 1 lateral tooth in each valve: about 35 
species. 

K planulata Stimpson (Fig. 922). Shell minute but not very thin, 
oval, white, with a brownish periostracum, 4 mm. long, 3 mm. high, and 
1.5 mm. wide: Arctic Sea to Long Island Sound, under stones and in 
shallow water; not common. 



Fig. 921 Fig. 922 

Fig. 921— Turtonia mi- 
nuta (Gould). Fig. 922— 
KeUia planulata (Gould). 
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Family 10. CYEENIDAE. 

Shell small, oval or more or less triangular, thin, greenish or yellow- 
ish in color; 1 to 3 cardinals and both anterior and posterior laterals in 
each valve ; small pallial sinus or none ; foot elongate, flattened ; ligament 
external; eggs hatched in the inside pair of gills; mantle open below 
with more or less complete siphons : several hundred species, all in fresh 
or brackish water, living usually in small streams, ponds, and lakes, 
either in or on sand or mud or on submerged plants; the young have a 
byssus by which they often suspend themselves. 

Key to the genera of Cyrenidae here described: 

a, Umbo median or towards the anterior end 1. Sphartum 

a, Umbo towards posterior end 2. Pisidium 

1. Sphjbeitjm Scopoli (Cyclas Bruguiere). Shell thin, ovoid, green- 
ish ; cardinals small or rudimentary, 1 arched cardinal being in the right 
and 2 in the left valve; laterals compressed; umbo usually a little in 
advance of the middle; siphons elongate, of unequal size, the branchial 
being the largest, and neither being closed except at the base: 75 species; 
cosmopolitan; about 20 in this country. 

Key to the species of Sph cerium here described : 

Ox Umbo in front of the center; shell solid. 

b x Lines of growth coarse S. stamixeum 

5 a Surface almost smooth S. stbiatinum 

a, Umbo median. 

b x Shell fragile, light-colored S. occidental* 

6, Shell solid, dark-colored S. sulcatum 

S. stamineum (Conrad). Shell large, inflated, oval, 14 mm. long, 
11 mm. high, and 9 mm. wide ; surface shining, yellowish or brownish in 
color, with coarse lines of growth; umbo made prominent by a number 
of coarse, rounded ridges: eastern and central states; common. 

S. 8triatinum (Lamarck). Shell elongated, yellowish in color, 10.5 
mm. long, 7.5 mm. high, 6 mm. wide, with a smooth shining surface and 
delicate lines of growth : entire country ; common. 

8. occidentals Prime (Fig. 923). Shell round, with the umbo median 

small, fragile, inflated, light yellowish in color, 7.5 mm." 

^rfr long, 7.7 mm. high, 4.5 mm. wide; surface shining, with 

very fine lines of growth: entire country; very common. 

spfimium s - sulcatum* (Lamarck). Shell large, oval, inflated, 

°(BaKr)! e rather solid, with coarse lines of growth, 18 mm. long, 13 

mm. high, and 10 mm. in width; surface smooth and dark 

brown in color; lateral teeth in a straight line with the cardinals instead of 

at right angles to them : entire country ; not so common as the others. 

* See "Anatomy of Sphaerium sulcatum Lam.,'* by Q. A* Drew, Proc. Iowa Acad. 
Sci., Vol. 3, p. 173, 1895. 
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2. Pisronrac Pfeiffer. Shell minute, round or oval; greenish or 
yellowish umbo a little back of the middle, and directed backwards; 2 
cardinals in the left and 1 in the right valve; laterals lamelliform, 1 in 
the right and 2 in the left valve; anal siphon alone present; foot tongue- 
shaped, capable of great extension: 60 species; cosmopolitan; about 20 
in America. 

Key to the species of Pisidium here described: 

Ox Shell triangular P. coicpresbum 

a, Shell round or oval. 

&i Shell without ventral yellow band P. abdituic 

o, Shell with darker yellow ventral band P. vamabttjc 

Ox Pallial sinus very large; siphons separate. 

P. compressum Prime. Shell solid, triangular, inflated, very oblique ; 
umbo elevated, with a wing-like appendage on the summit; dorsal margin 
acutely arched; length and height 4.5 mm.; width 3 mm.; color yellow 
or brownish: entire country; often common. 

P. abditum Haldeman (Fig. 924). Shell oval, solid, 4.25 mm. long. 
3 mm. high, and 2.5 mm. wide; surface smooth, shining, 
bright yellowish in color; 1 arched cardinal in the right 
and 2 in the left valve ; laterals strong and curved : entire 
country; the commonest species. 

P. variabile Prime. Shell round, solid, inflated, with /2ft,?;** 
umbo very much elevated, 4.5 mm. long and high, and 3.1 (Baker? 
mm. wide; surface smooth with heavy lines of growth, 
light yellow or greenish in color, with a yellow ventral zone: entire 
country north of Virginia; common. 

Suborder 2. TELLINACEA. 

Shell equivalve, elongate or more or less triangular; pallial sinus 
very large, extending forwards sometimes almost to the anterior adductor 
muscle ; mantle edges usually open below ; siphons very long, and usually 
separate; foot and palps large; 2 adductor muscles: 7 families; marine. 

Key to the families of TeUinacea here described: 

Ox Pallial sinus very large; siphons separate. 
b x Ligament external 

c x Inner margin of shell not crenulated 1. Tellinidae 

c, Inner margin of shell crenulated 3. Donacidae 

6, Ligament partly internal, inserted in a pit in the shell 2. Semeudae 

a, Pallial sinus not so large ; siphons fused 4. Maotbidae 

Family 1. TELLINIDAE. 
Shell compressed, equivalve, with 1 or 2 cardinal teeth, and usually 
1 lateral in each valve; pallial sinus very large; ligament external, promi- 
nent; mantle widely open below and in front; siphons very long, slender, 
and separated : over 600 species, in all seas, chiefly littoral. 
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Key to the genera of TelUnidae here described: 

Ox Shell over 12 mm. long. 

&i Shell elliptical ; lateral tooth present. 1. Tellhia 

6, Shell round or ovate ; no laterals 2. Maooma 

o, Shell under 6 mm. in length 3. Gastranklul 

1. Tellzna L. Shell slightly inequivalve, oval, rounded in front, 
with an oblique ridge behind; umbo nearly central; 2 cardinals and usu- 
ally posterior and anterior lateral in each valve : 300 species, chiefly in 
the tropics, where the shells are often highly colored. 

T. tenera Say (Fig. 925). Shell 14 mm. long, 9 mm. high, and 3 mm. 
wide, thin, delicate, white or pinkish in color, polished, sometimes con- 
centrically banded ; umbo a little back of the middle ; 1 of 
the cardinals rudimentary in each valve: Gulf of St 
Lawrence to west coast of Florida, on sandy beaches; 
Fig 025 often common; West Indies. 

rC *?5aii) ,iem ■*•' * ene ^ a Verrill. Shell same in size and color as 

above; anterior dorsal margin straight or concave; pos- 
terior end short and rounded ; umbo at the posterior third : Long Island 
and Vineyard Sounds in 4 to 10 fathoms. 

2. Maooma Leach. Shell oval, round or triangular, equivalve, 
swollen, gaping at the ends; 2 weak cardinals; no laterals; anal siphon 
long; branchial short: 100 species, in all seas. 

M. tenta Say. Shell oval, very convex, thin, white, with pointed 
umbo; posterior part narrowed; length 15 mm.; height 10 mm.; width 5 
mm.; 2 cardinals in the right and 1 in the left valve: Cape Cod to 
Florida; common in muddy bays; West Indies. 

M. baltica (L.) (Fig. 926). Shell nearly round, thin, slightly nar- 
rowed behind, 23 mm. long, 18 mm. high, and 9 mm. wide; 2 cardinals in 







Fig. 026 Fig. 927 Fig. 028 

Fig. 026 — Macoma baltica (Gould). Fig. 027 — Chutranetta tumida (VerriU). 
Fig. 028— Cumingia tellinoidea (Gould). 

each valve: Arctic Ocean to Georgia, very common in shallow water; in 
muddy bays the shell is thick, of bluish or rusty color, and covered with 
a dark periostracum, in sandy localities pure white or pinkish or yellow- 
ish and thin; Pacific coast; Europe. 

3. Gastrakella Yerrill. Shell minute, elongate, more or less irreg- 
ular; 2 cardinals in each valve; no distinct laterals; siphons long and 
separate: 1 species. 
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G. tumida Verr. (Fig. 927). Shell with rounded ends, compressed 
posterially; ventral margin variable, being convex, straight, or concave; 
color white with purple umbo; length 4 mm.; height 2.5 mm; width 1.5 
mm. : Long Island Sound to Cape Hatteras. 

Family 2. 8EMELIDAE. 

Shell thin, round or ovate, gaping and unusually twisted at the 
hinder end; external ligament short; internal ligament in a pit; hinge 
teeth weak: many species. 

Otoongia Sowerby. Shell oval, often irregular in form; hinge with 
a small anterior cardinal and usually 2 elongated lateral teeth in each 
valve: 10 species. 

0. tellinoides (Conrad) (Fig. 928). Shell thin and fragile, 15 mm. 
long, 11 mm. high, 5 mm. wide, rounded in front, and triangular and 
pointed behind; lateral teeth wanting in the left valve; color bluish- 
white: Cape Cod to west coast of Florida; West Indies; often common 
in shallow water. 

Family 3. DONACIDAE. 

Shell more or less triangular, wedge-shaped, usually thick; liga- 
ment external and short; foot very long; mantle open below; gills very 
different in size : about 6 species, on the southern Atlantic coast ; marine 
or in brackish water. 

Dohax L. Shell rounded in front and behind; mantle fringed; 2 
cardinals and 1 lateral in each valve : 100 species. 

D. fossor Say. Shell small, elongated in front, obliquely rounded 
and very short behind; surface with radiating striations; inner margin 
crenulated; length 12 mm.; height 7 mm.; width 4 mm.; color white: 
south shore of Long Island to Texas, in shallow water; common. 

Family 4. MACTBIDAE. 

Shell equivalve, more or less tri- 
angular, closed or slightly gaping; 
pallial sinus quite short; 2 liga- 
ments, an external and an internal, 
the latter contained in a deep trian- 
gular pit ; hinge with 2 divergent car- 
dinal and usually 2 lateral teeth; 
mantle open below; siphons long «* •»-»•*• •«**» (GooM). 
and fused, and with fringed orifices : numerous species. 

1. Maotba L. Shell slightly gaping at the ends; umbo prominent; 
foot large : 150 species, in all seas, especially in the tropics. 

M. (Spisula Adams) solidissima Dillwyn. Giant clam (Fig. 929). 
Shell large and solid; color brown or white; length 15 cm.; height 12 
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cm.; width 7 cm.: Labrador to Cape Hatteras; common on sandy bottoms 
in shallow water; sometimes used for food; Europe. 

M. lateralis Say. Shell small, triangular, very convex; color white, 
with a brown periostracum; length 15 mm.; height 12 mm.; width 10 
mm.: Nova Scotia to Texas; West Indies; in shallow water on muddy 
bottoms; often very abundant, especially in Long Island Sound. 

2. Labiosa Schmidt. Shell oblong, widely gaping, with the poste- 
rior dorsal border reflexed and with a distinct ridge below: about 2 
species on the Atlantic coast. 

L. lineata Say. Shell oval, the surface unequally and slightly 
wrinkled ; color white ; length 7 cm. ; height 5 cm. ; width 28 mm. : New 
Jersey to Texas; West Indies; in shallow water. 

Suborder 3. VENERACEA. 

Shell round, oval, or elongate; usually thick and solid; mantle edges 
usually open below; siphons usually short and more or less united; pal- 
lial sinus present; 2 adductor muscles: 3 families, all marine. 

Key to the families of Veneracea here described: 

Oj Shell regular and thick 1. Venesidac 

o, Shell more or less irregular and thin 2. Pxtbicoudax 

Family 1. VENEBIDAE.* 

Shell regular, heavy; ligament external; hinge usually with 3 diverg- 
ing teeth in each valve; laterals not constant; pallial sinus usually small; 
mantle open below: several hundred species, in all seas, those in the 
tropics often very brightly colored. 

Key to the genera of Veneridae here described: 

a, Margin of shell crenulated. 

b x Shell large with a rough surface 1. Venus 

ft, Shell small and smooth 2. Gemma 

o, Margin not crenulated. 

bx Shell ovate 3. Callocabdia 

6, Shell round, as high as long 4. Dosihia 

1. Venus L. Shell thick and round or ovate, inner lower margin 
minutely crenulated; cardinal teeth 3 in each valve; laterals absent; 
lunule distinct; ligament prominent; siphons short, unequal, and more 
or less separated ; mantle margins fringed : numerous species, in all seas. 

V. mercenaria L.f Hard-shell clam. Round clam. Quahog (Fig. 
930). Shell ovate or heart-shaped; anterior end short and truncated; 

* See "Synopsis of the Family Veneridae and of the North American Recent 
Species/' by W. H. Dall, Proc. U. S. Nat Mus., Vol. 26, p. 336, 1902. 

t See "Clam and Scallop Industries of New York," by J. L. Kellogg, Bolt 43, 
N. T. State Museum, 1001. "Feeding Habits and Growth of Venus Mercenaria,** by 
same, Bull. 71, same. 
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Fig. 030 — Venus meroenaria 
(Gould). 1, lunule; 2, umbo; 
3, ligament. 



posterior end bluntly pointed; umbo directed forwards; surface dirty 

white, with prominent, sharp, concentric ridges; inner surface dull white, 

lower margin violet or purple; length 11 

cm. ; height 9 cm. ; width 6 cm. : Gulf of St. 

Lawrence to Texas, on sandy and muddy 

bottoms in shallow water, very common 

south of Cape Cod; used extensively for 

food; the shells were used by the Indians 

in the manufacture of wampum, the violet 

portion forming the most valuable pieces. 

V. cancellata L. Shell heart-shaped, 
white, usually with brown spots; surface 
with concentric ridges and radial furrows ; length 4 cm. ; height 27 mm. : 
Cape Hatteras to west coast of Florida ; West Indies. 

2. Gemka Deshayes. Shell round, the umbo being nearly central; 
3 cardinal teeth in the left and 2 in the right valve; pallial sinus long, 
narrow, and ascending; lunule indistinct; margin crenulated within: 1 
species on the Atlantic and Pacific coasts. 

Q. gemma (Totten). Qem shell (Fig. 931). Shell small, with a 
smooth shining surface and concentric ridges; color yellowish, white, or 
pink; umbo and hinder end amethyst; length 4 mm.; height 
3.5 mm.; width 2 mm.: Labrador to Cape Hatteras, in the 
sand in shallow water or between tide marks; often very 
common; San Francisco. 

3. Oallocakdia Adams. Similar to Venus, but the 
margin of the shell is not crenulated ; hinge with 3 car- 
dinal teeth in each valve and 1 or 2 laterals: numerous species; cos- 
mopolitan. 

0. convexa Say (Fig. 932). Similar in appearance to Venus 
mercenaria; length 43 mm.; height 35 mm.; width 24 mm.; no purple on 
inner surface; siphons very long: Nova Scotia to 
Florida; often common. 

4. DosixiA Scopoli. Shell orbicular, com- 
pressed, with concentric ridges; hinge like Cal- 
locardia; lunule distinct; margin of shell not 
crenulated; pallial sinus large, oblique, ascend- 
ing; siphons united throughout: 100 species, in 
shallow water. 

D. discus Reeve. Shell smooth, with 5 regular concentric grooves; 
umbo pointed, with a large oblong groove underneath; muscle impres- 
sions very large; color yellowish-white; length 66 mm.; height 61 mm.; 
width 22 mm.: Virginia to Texas; common. 




Fig. 931 

Oemma 

gemma 

(Gould). 




Fig. 932— 4aUocard4a 
convema (Gould). 
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Family 2. PETBICOLIDAE. 

Shell elongate, or more or less irregular in form, thin, and with ends 
rounded; 2 or 3 delicate teeth in each valve; no laterals; pallial sinus 
deep; mantle closed in front with an opening for the small foot; siphons 
long, united at the base: 2 genera, in shallow water and between tides, 
where the animals bore into clay, limestone, and coral, making round 
holes the diameter of the shell. 

Petbxoou Lamarck. With the characters of the family: 13 
species. 

P. pholadiformis Lam. (Fig. 933). Shell elliptical, swollen, gaping; 
umbo near anterior end ; surface curved, with radiat- 
ing grooves and ridges, those at the anterior end 
being coarse, those back of the umbo being fine; 
length 32 mm.; height 17 mm.; width 15 mm; in- 
^touwffi!** 1 * torior with radia ting furrows: Gulf of St. Lawrence 
(Gould). |. Texas, common south of Cape Cod, boring in clay. 

Suborder 4. CARDIACEA. 

Shell equivalve, solid, with or without hinge teeth ; ligament external ; 
1 or 2 adductor muscles; siphons short; mantle closed below, with an 
opening for the foot; with or without pallial sinus: 8 families, all in salt 
or brackish water, to one of which belongs the gigantic Tridacna gigas of 
the Pacific, the shell of which may weigh over 200 kilograms and 
measure a meter or more in length. 

Family CARDIIDAE.* 

Shell heart-shaped, usually with radiating ridges or bands, more or 
less chalky in texture ; ligament short and prominent ; pallial sinus small 
or absent; a small and a large cardinal in each valve; laterals not con- 
stant but usually present; inner border of shell denticulate; 2 adductor 
muscles; mantle open below; siphons short; foot very large and bent: 
200 species; cosmopolitan. 

Key to the genera of Cardiidae here described: 

a* Shell with radial ribs 1. Cabdtum 

a, Shell without ribs. 

bx Shell small ; teeth large 2. Kbvicabdium 

b, Shell large ; teeth small or wanting 3. Sebrifes 

1. Oabditoc L. Cockle. Shell with prominent ribs and thick, often 
with spines or scales, closed or gaping behind; no pallial sinus; umbo 

• See "Synopsis of the Family Cardiidae and of the North American Specie*," 
by W. H. Dall, Proc. U. B. Nat Mue. f Vol. 28, p. 381, 1900. 
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near the center of the shell; siphons very short, and separate; 1 or 2 car- 
dinals, 1 or 2 posterior laterals and 2 anterior laterals in the right valve, 
and 2 cardinals, 1 anterior and 1 posterior lateral in the left valve; 
mantle margin with papillae : 100 species. 

Key to the species of Cardium here described: 

Ox Shell large. 

b x Occurs north of Cape Cod C. ibtandicum 

6 a Occurs in the southern states C. MAGNUM 

a, Shell small C. pinnulatum 



* 



0. islandicum L. Shell large, rounded, with about 36 ribs sepa- 
rated by deep grooves, and with concentric lines of growth; periostracum 
yellowish-brown, forming a stiff fringe on the edges of the 
ribs, but often absent in the dead shell; length 5 cm.; 
height somewhat less; width 25 mm.: circumpolar, south 
to Cape Cod and Puget Sound, in 5 to 50 fathoms; 

Europe. 2 1 *,? 84 

* Cardium 

0. pinnulatum Conrad (Fig. 934). Shell round, small, ptogjjigy» 
thin, with about 26 ribs with a row of arched scales on 
each, inside with furrows corresponding to the ribs; length 11 mm.; 
height 10 mm.; width 7.5 mm.; color white, interior white or pink: 
Cape Cod to Labrador, in 1 to 200 fathoms. 

0. TnagnmrTBorn. Shell large, with about 35 ribs; color yellowish- 
brown, with transverse rows of brown spots; length 10 cm.; height 
11 cm.; width 75 mm.: Virginia to Texas, in shallow water; West 
Indies. 

2. LjBViCABDnnc Swainson. Shell oval, oblique; umbo nearly cen- 
tral, surface smooth or with slight radial striations : 20 species. 

L. mortoni (Conrad) (Fig. 935). Shell small, thin, 
j globular, pale fawn color sometimes with brown spots, 

f^^^w within bright yellow, with a purplish blotch pos- 

y?ar»-3 terially; surface smooth, without ribs; length 25 mm.; 
height 22 mm.; width 17 mm.: Nova Scotia to west 
coast of Florida, in shallow water; very common south 
*^ of Cape Cod on sandy flats. 

Fig. 935 — IabvU 3. Sekripes Beck. Shell nearly round, com- 

(Gould), l. liga- pressed, rather thin; umbo nearly central, prominent;^ 
siphon; 3, bran- surface smooth or slightly radiated; cardinals and 
foot sp on ' ' laterals obtuse, almost wanting: 1 species, on both 
coasts. 
S. grcenlandicus (Gmelin). Shell 70 mm. long, 55 mm. high, and 
30 mm. wide; white or drab in color; margin slightly crenulated; foot 
serrated : circumpolar, south to Cape Cod and Puget Sound, 
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Suborder 5. MYACEA. 

Shell either regular or irregular, not pearly, with or without hinge 
teeth; ligament internal or external; siphons long; pallial sinus present; 
2 adductor muscles; mantle closed below with an opening for the small 
foot: 5 families, all marine; all burrowing in sand, mud, or rock. 

Key to the families of Myacea here described: 

Ox Shell long and narrow, margins usually parallel 2. Soleiodae 

o, Shell not long and narrow. 

b t Left valve with shelf-like process for ligament 1. Mtidas 

6, No such process 3. Saxigavzdab 

Family 1. MYIDAE. 

Shell rather thick, ineqirivalve, gaping at one or both ends ; ligament 
internal, attached in left valve to a prominent shelf -like process; hinge 
teeth variable; periostracum wrinkled; pallial sinus large; siphons par- 
tially or wholly retractile, united: 250 species. 

Key to the genera of Myidae here described: 

Ox Hinge toothless 1. Mta 

o, Hinge with a tooth on each valve 2. Cobbula 

1. Mta L. Shell oblong, gaping behind and more or less irregular; 
siphons very long and partially retractile, covered with periostracum; 
hinge toothless; foot small, with byssus in youth: 3 species, 2 on the 
Atlantic and Pacific coasts. 

M. arenaria L. Soft-shell clam. Long clam (Fig. 936). Shell 
ovate, white, covered with a brownish periostracum; length 10 cm.; 




J 

[\Yd1U ' 



\ 



Fig. 036 Fig. 037 



Fig. 036 — Mya arenaria (Verrlll). 1, foot ; 2, mantle ; 3, cloaca 1 siphon ; 4. branchial 
siphon. Fig. 037 — Corbula contracta (Gould). 

height 6.5 cm. ; umbo nearer anterior end : Arctic Sea to Cape Hatteras, 
between tide lines and in shallow water in mud flats and under stones; 
San Francisco; Europe; a common article of food. 

M. truncata L. Shell truncated behind; periostracum thick and 
extended posteriorly, forming a tube 15 cm. long; length 7 cm.; height 
4 cm.; width 3 cm.: circumpolar, south to Cape Cod and Puget Sound; 
not common ; Europe, where it is more plentiful than M. arenaria. 
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2. OoRBULA Bruguiere. Shell small, inequivalve, thick, gaping in 
front; hinge with an upright tooth in each valve which fits into a pit in 
the other; siphons short: 75 species. 

0. contracts Say (Fig. 937). Shell 10 mm. long, 6 mm. high, and 
5 mm. wide, with a broad, rounded anterior and a pointed posterior end ; 
surface with regular, smooth, concentric ridges: Cape Cod to Florida, in 
sand and mud. 

Family 2. 80LENIDAE. 

Shell thin, equivalve, long, and narrow, and with gaping ends; liga- 
ment external; 1 to 3 cardinals in each valve; no laterals; foot large, 
cylindrical; siphons short, united about half their length: 100 species. 

Key to the genera of Solenidae here described : 

Ox Margins parallel 1. Ensis 

o, Margins not parallel ; shell elliptical. 

6, Pallial sinus short 2. Siliqua 

6j Pallial sinus very long 3. Taqelus 

1. Ensis Schumacher. Razor clams. Shell very long and narrow, 
with parallel margins, with a slight bend making the dorsal side concave 
and the ventral convex; 2 hinge teeth in the right and 3 in the left valve 
near the anterior end ; umbo near same end : 14 species ; in shallow water. 

E. directus Conrad (Fig. 938). Shell about 6 times as long as high; 
ends truncate ; right valve with 1 projecting tooth and an elongated ridge- 
like tooth back of it; left valve with 2 projecting teeth and a double ridge; 





Fig. OSS Fig. 939 

Fig. 938— EnsU directus (Gould). Fig. 939— GiUqua costata (Gould). 

length 15 cm. ; height 25 mm. ; width 16 mm. ; color yellowish or greenish : 
Labrador to west coast of Florida, common in the sand, in which it 
buries itself by a digging motion of the foot. 

E. viridis (Say). Shell about 5 times as long as high; dorsal mar- 
gin nearly straight; anterior end truncate, posterior rounded; hinge with 

1 tooth in each valve; periostracum light green, glossy; length 5 cm.; 
height 10 mm.; width 6 mm.: Rhode Island to west coast of Florida. 

2. SrxiQTTA Miihlfeldt. Shell elliptical, smooth, with a rib extending 
from the umbo across the shell on the inner surface; pallial sinus short; 

2 cardinals in the right and 3 in the left valve : 20 species. 

8. costata (Say) (Fi?. 939). Shell thin, shining, with a greenish 
periostracum, 45 mm. long, 18 mm. high, 7 mm. wide: Nova Scotia to 
Cape Hatteras, in the sand in shallow water; often very common. 
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3. Tagelttb Gray. Shell elongated with the dorsal and ventral mar- 
gins nearly parallel; umbo central; 2 cardinals in each valve; foot too 
large to be retracted into the shell; siphons separated at the end; pallial 
sinus very large: 2 species on the Atlantic coast. 

T. gibbus (Spengler) (Fig. 940). Shell thick, rounded at both ends; 
umbo back of the middle, and ligament back of it; length 9 cm.; height 

3 cm.; width 2 cm.: Cape Cod to 
Texas, common on muddy bottoms 
in shallow water, in which it bur- 
rows; Europe 

T. divisus (Speng.) . Shell small 
and delicate, elliptical in shape, 
ends rounded, the posterior being 
somewhat more acute than the ante- 
rior; umbo nearly central; length 35 mm.; height 12 mm.; width 9 mm.; 
surface smooth, with a band of purple passing from the umbo across the 
shell: Cape Cod to west coast of Florida; West Indies. 




Fig. 940 — Taaelua Qibbus (Ver- 
rlll). 1, foot ; 2. cloacal siphon ; 
3, branchial siphon. 



Family 3. SAXICAVTDAE. 

Shell thick, equivalve, gaping at the ends; hinge toothless or with 

1 or 2 cardinals; ligament external, prominent; pallial line sinuous; 
pallial sinus present; mantle margins fused, leaving a small opening for 
the small foot; siphons large and long, united, covered with a thick 
periostracum : 25 species ; cosmopolitan. 

Key to the genera of Saxicavidoe here described: 

a, Umbo nearer the anterior end 1. Saxjcaya 

a t Umbo nearer the posterior end 2. Cyrtodaria 

1. Saxicava Bellevue. Shell symmetrical when young, with 2 minute 
teeth in each valve; adult irregular in shape, toothless; surface coarse; 
ligament external: 12 species, which bore in soft rock and coral. 

S. arctica (L.) (Fig. 941). Shell very variable in 
form, more or less elliptical, the right valve projecting 
partly over the left and generally gaping; length 25 
mm.; height 15 mm.; width 10 mm.; surface divided by 

2 radiating ridges into 3 equal portions; color white, 
periostracum yellowish: nearly cosmopolitan; circum- 
polar, south to the west coast of Florida and Santa Barbara, Cal. ; very 
common north of Cape Cod, boring in limestone or retreating in crevices 
of the rocks, among the roots of seaweed, etc. 

2. Oystodabia Daudin. Shell elliptical, the posterior end the 
shorter; hinge thick, without teeth; ligament external; animal much too 
large for the shell: 1 species on the Atlantic coast 




Fig. 941 

Saxicava arctica 

(Gould). 
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0. siliqua (Sprengler). Shell very thick and heavy; length 85 mm.; 
height 35 mm. ; width 24 mm. ; periostracum thick and black : Cape Cod 
to the Arctic Ocean, in deep water. 

Suborder 6. PHOLADACEA. 

Shell more or less modified by the boring habit ; ligament and hinge 
absent; mantle closed; siphons very long and united almost their whole 
length ; foot short, often more or less rudimentary ; 3 adductor muscles : 2 
families, marine, the animals boring long passages in wood, rock, or clay 
by means of a rasping motion of the shell. 

Key to the families of Pholadacea: 

a x Shell large ; siphons long 1. Pholadidae 

Oj Shell small; siphons many times as long as shell; shipworms. .2. Teredidae 

Family 1. PHOLADIDAE. 

Shell rather large, thin, fragile, white, gaping at both ends, armed 
in front with rasp-like ridges; pal Hal sinus deep; dorsal margin of shell 
reflected in part over the umbo; one or more accessory dorsal valves; an 
interior curved muscle process extending from the umbonal cavity: 80 
species, which bore symmetrical holes in clay, wood, or rocks; about 12 
species on the Atlantic coast. 

Key to the genera of Pholadidae here described: 

o t Dorsal margin of shell reflected over the umbo 1. Pholas 

o a Dorsal margin but slightly reflected 2. Zirphaa 

1. Pholas L. Shell elongated and very convex; dorsal margin pro- 
tected by 2 accessory valves ; foot large : 20 species, in all seas. 





Fig. 042 
Fig. 042 — Pholas coatata (Gould). 



Fig. 943 
Fig. 943 — Pholas truncata (Gould). 



P. costata L. (Fig. 942). Shell large, 15 cm. long, 5 cm. high, and 
5 cm. wide, with about 30 radiating, serrated ribs, the interior being 
marked by corresponding depressions; umbo near anterior end; acces- 
sory valves horny, not calcareous : Cape Cod to South America, forming 
deep burrows in the clay; common in the southern states, rare towards 
the north; Europe. 
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P. trnncata Say (Fig. 943). Shell 73 mm. long, 37 mm. high, and 
31 mm. wide; elongate; anterior end triangular and sharply pointed, 
posterior end broad and truncated; anterior portion with radiating 
ridges; accessory valves calcareous: Massachusetts Bay to west coast of 
Florida; common in the southern states. 

2. Zolbkma Leach. Shell oval; cardinal margin slightly reflected; 
no accessory valves ; umbo protected by a membrane : 3 species. 

Z. criapata (L.) (Fig. 944). Shell thick, 

^ white, rounded posteriorly, triangular and 

pointed anteriorly, gaping widely at both 

ends; surface divided into equal halves by a 

broad furrow extending from the umbo to the 



wMX 




Wbm* 



Fig. 944 — Zirphcta crispata lower margin, the anterior half marked by 
(Gould). 

numerous coarse ridges ; length 60 mm. ; height 

35 mm.; width 34 mm.: circumpolar, south to Cape Hatteras and Cali- 
fornia, boring in clay and wood in 9 to 70 fathoms, common towards the 
north; Europe. 

Family 2. TEREDIDAE. 

Ship worms. Animal vermiform, with very long siphons which are 
united the greater part of their length and have 2 calcareous pieces called 
the pallets (Fig. 945,2) at the point where they separate; valves 3-lobed, 
very small, gaping at both ends, forming thus a ring with an interior 
curved muscle process extending from the umbonal cavity: 2 genera; 
7 species on the Atlantic coast; the animals live in long burrows in wood 
or clay, which they form probably by the rasping motion of the shells 
and then line with a calcareous coating; they often do great damage to 
ships and docks; the burrows usually follow the grain of the wood, but 
not always, and usually do not run into one another. 

Key to the genera of Teredidae: 

Oj Pallets spa tu late 1 . Teredo 

o, Pallets feather-shaped 2. X ylotrya 

1. Teredo L. Body globular, lying at the inner end of the burrow; 
valves 3-lobed, the center lobe being the largest; mantle lobes united, 
with a minute opening for the foot; siphons united nearly to the end: 
about 20 species, 6 on the Atlantic coast. 

Key to the species of Teredo here described : 
Oj Tubes about 6 mm. in diameter. 
bx Stalk and blade of pallet of equal length. 

Ct Posterior lobes of shell much larger than the anterior T. navalis 

c % Posterior and anterior lobes of equal size T. norvegica 

b, Blade of pallet much longer than the stalk. 

c x Blade of pallet obovate T. mtgotara 

c % Blade of pallet oval T. thompsoni 

a. Tubes about 3 mm. in diameter T. chlobotica 
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T. navalis L. (Fig. 945). Length of tube usually 25 cm. or less, but 
sometimes much greater; diameter of tube 6 to 10 mm.; length of shell 
6 mm. ; width 2 mm. ; posterior lobes of shell much larger than the anterior; 
pallets rounded on one side and flat on the other, with the stalk and 
blade of equal length : Arctic seas to Texas ; very common ; Europe. 

T. megotara Hanley (Fig. 946). Length of tube up to 45 cm.; 
length and height of shell 6 to 12 mm.; length of pallet 6 mm.; width 3 
mm.; posterior lobe large and separated from the umbo by a narrow, 
deep, rounded notch ; stalk of pallet half as long as blade, which is obo- 
vate: Arctic seas to South Carolina; common in floating wood; Europe. 





Fig. 945 

Fig. 945 — Teredo navalis (Verrlll). 1, ends of the siphons; 2, pallets; 3, mus- 
cular collar by which it adheres to the tube; 4, posterior lobe of shell; 5, foot; 
6, anterior lobe of shell. Fig. 946 — Teredo megotara (Gould). 1, shell ; 2, pallets. 

T. norvegica Spengler. Tube up to 30 cm. long and chambered at 
entrance ; length of shell 14 mm. ; height 15 mm. ; length of pallet 21 mm. ; 
width 6 mm.; anterior and posterior lobes of shell of about the same 
length; pallets with stalk and blade of equal length, the latter being 
truncate: New York to west coast of Florida; Europe. 

T. thompsoni Tryon. Length of shell 9 mm.; 
height 12 mm.; anterior and posterior lobes of 
equal height ; length of pallet 8 mm. ; width 3 mm. ; 
blade of pallet oval and much longer than the 
stalk: Cape Cod to Florida; sometimes common. 

T. chlorotica Gould. Burrows very small, 
lying across the grain of the wood and close 
together so as to resemble a honeycomb; length 
and height of shell 3 mm.; pallet, paddle-shaped, 
5 mm. long: Massachusetts Bay to Florida. 

2. Xtlotbta Leach. Pallets long and 
feather-shaped, the blade consisting of articulated 
pieces radiating obliquely from the stalk : 10 species. 

X. fimbriata Jeffreys (Fig. 947). Shell similar to that of Teredo 
navalis; length of pallet 12 ram.; width 2 mm.; tubes 30 cm. or more long: 
Massachusetts Bay to Florida: often common. 




Fig. 947 — Xylotrya fim- 
briata (Gould). 1, shell; 
2, pallets. 
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Suborder 7. ANATINACEA. 

Shell thin, white and pearly; hinge with or without teeth; ligament 
external; mantles united, except where the foot protrudes; 2 adductor 
muscles; pallial line variable; siphons mostly united: 11 families, all 
marine, including many degenerate forms, which may lack certain organs, 
as the foot, adductor muscles, labial palps, and gills. 

Key to the families of Anatinacea here described: 

o, Np spatolate hinge lamella. 

bt Pallial sinus slight or absent 1. Pakdorxdab 

b, Pallial sinus angulated 2. Ltonsiidae 

o, Hinge lamella in each valve 3. AxATnanAK 

Family 1. PANDORTDAE. 

Shell free or fixed, inequivalve, pearly inside, semi-lunar or trian- 
gular in shape; ligament often with a calcareous ossicle; pallial line with 
or without a small sinus ; siphons short, united except at the end ; mantle 
margins united : about 5 species on the Atlantic coast. 

Olzdxopeora Carpenter. Shell thin; valves closed, attenuated be- 
hind; right valve flat, with a diverging ridge; left valve somewhat con- 
vex, with 2 diverging grooves at the hinge ; a slight pallial sinus : numer- 
ous species. 



f 




> 




Fig. 948 Big. 949 

Fig. 948— Clidiophora triliniata (Gould). 1, siphons; 2, foot. 
Fig. 949 — Lponrto hyaUna (Gould). 

0. trilineata (Say) (C. gouldiana Ball) (Fig. 948). Shell rounded 
in front, hinder end curved upwards, making the dorsal margin straight 
or concave; length 32 mm.; height 17 mm.; width 5 mm.: Nova Scotia to 
Texas, in shallow water; common. 

Family 2. LYONSIIDAE. 

Shell thin, slightly inequivalve, the left valve being the larger; 
pallial sinus obscure; hinge teeth absent; hinge with a narrow ledge 
within each valve, to which adheres an ossicle; siphons very short: 
several genera. 

Ltomsia Turton. With the characters of the family: 18 species. 

L. hyalina (Conrad) (Fig. 949). Shell ovate, pearly, and transpar- 
ent; anterior end rounded; posterior end elongated; dorsal line nearly 
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straight; pallial line obscure; surface with radiating fringed wrinkles; 
periostracum dirty white ; length 17 mm. ; height 10 mm. ; width 7.5 mm. : 
Nova Scotia to Texas, in shallow water; common. 

Family 3. ANATINIDAE. 
Shell thin, moie or less inequivalve, exterior often granular; hinge 
toothless or with a spatulate lamella; ligament often with an ossicle; 
pallial line obscure: 14 species on the Atlantic coast. 

1. Tebaoia Blainville. Shell 
nearly equivalve, gaping behind, 
smooth; siphons rather long, sepa- 
rate; umbo prominent; spatulate 
process of hinge in each valve, and 
very oblique: 26 species. 

T. conradi Couthouy (Pig. 950). 
Shell thin, almost round, somewhat 
elongated and truncated behind, 
whitish in color ; ligament prominent ; 
pallial sinus deep; periostracum thin 
and brown; length 75 mm.; height 65 mm.; width 38 mm.: Labrador to 
Cape Hatteras, buried deep in the sand or mud in shallow water. 

2. Ooohlodesxa Couthouy. Shell oval, inequivalve, slightly gaping 
at both ends; hinge with a spatulate process in each valve and a small 

ossicle; an internal rib extends from the hinge to 

the posterior margin; siphons long and separate: 

several species. 

0. leanum (Conrad) (Fig. 951). Shell oval, very 

thin; right valve the more convex, the left valve 

being nearly flat; length 35 mm.; height 25 mm.; 

Fig. 951 width 11 mm. : Nova Scotia to Cape Hatteras ; com- 

Oochlodesma leanum , __ 

(Gould). mon in shallow water. 




Fig. 950 — Thraoia conradi (Gould). 




Order 5. SEPTIBRANCHIATA. 

Ctenidia absent, but replaced by a muscular septum (Fig. 890, D) 
pierced by slits extending from the anterior adductor muscle to the point 
of separation of the siphons and dividing the mantle cavity into 2 cham- 
bers, one lying above the other: 2 families. 

Family CUSPIDABIIDAE. 
Shell small, slightly inequivalve, not pearly, much attenuated and 
gaping behind; a spatulate cartilage process in each valve; hinge teeth 
present or absent; pallial line shallow; mantle closed; siphons short and 
united : about 20 species on the Atlantic coast, mostly in deep water. 
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GUSFIDABXA Nardo. Shell slender behind and broader in front, the 
light valve being the smaller; umbo strengthened internally by a rib: 
numerous species. 

0. pellucida Stimpson. Shell thin, white, 12 mm. long, 7.5 wide; 
umbo a little in front of the center: Cape Cod and northwards, in deep 
water. 

Class 5. CEPHALOPODA.* 

Squids, devilfish, etc. Marine mollusks often of large size and of 
high organization, which have a large head and large eyes and a circle of 
long arms or tentacles around the mouth, and are mostly without an 
external shell (Fig. 740, A). 

External Structure.— The body is a bilaterally symmetrical, more or 
less cylindrical structure, which is elongated dorsally and made up of two 
divisions, the head and the trunk. The head is the ventral portion of the 
body, in the middle of the lower surface of which is the mouth, sur- 
rounded by the arms. In Nautilus the arms are about ninety in number 
and are without suckers; in the other cephalopods they are either eight 
or ten in number and are provided with either prehensile suckers or hooks, 
or with both these structures. 

The trunk is made up of the visceral mass (Fig. 740, A, 1) and the 
mantle (A, 2). The visceral mass is a compact cylindrical structure with 
delicate body walls. The mantle is thick and muscular and covers the 
visceral mass on all sides, its lower edge being called the collar. The mantle 
cavity (A, 4) is voluminous, and is posterior in position and contains the 
gills and the external openings of the digestive, excretory, and repro- 
ductive organs. It communicates with the outside in two ways, through 
the open space around the collar and by means of a conical, muscular 
tube called the siphon or funnel (A, 5). By the contraction of its muscular 
walls the water in the mantle cavity is shot violently out through the 
siphon, and the animal is propelled rapidly through the water in the oppo- 
site direction; water is taken into the mantle cavity again through the 
collar space. The head and the siphon can be partially retracted within 
the mantle by means of powerful retractor muscles. The external sur- 
face is covered with an integument in which amoeboid pigment cells are 
present, by the alteration in size of which the color of the animal may 
be rapidly changed. Many cephalopods are brilliantly colored. 

A shell is present in all cephalopods except in most Octopoda. In 
Nautilus, Spirula, and Argonauta the shell is calcareous, external, coiled 
in a single plane, and in Nautilus and Spirula divided into chambers by 

• See "Report of the Cephalopods of the Northeastern Coast of America/* by 
A. B. Verrill, Rep. U. S. Fish. Com. for 1879, p. 221, 1882. 
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transverse partitions. The shell of Argonauta, the paper nautilus, is not 
homologous to that of other cephalopods. In the Decapoda, the shell 
is concealed in a pocket of the anterior wall of the mantle. It differs 
much in shape and composition in the various species, being calcareous in 
Spirula and Sepia, but coiled in the former and straight in the latter, and 
chitinous and elongate in the squids. 

The foot is absent in cephalopods in the form in which it occurs in 
other mollusks. The siphon, however, represents the fused epipodia and 
the arms are lateral processes of the foot, the. basal portion of which has 
grown forwards and enveloped the head, so that the mouth comes to lie 
in their midst. 

Internal Structure.— The mouth is surrounded by a ring-shaped lip 
and leads into a muscular pharynx. A pair of sharp chitinous or partly 
calcareous jaws, which look a good deal like a parrot's beak, lie just back 
of the lip, by means of which the animal tears its prey to pieces. In the 
pharynx are the tongue and the radula. The radula is small, as com- 
pared with the size of the animal, and consists of a central tooth and 
three laterals in each transverse row; marginals are absent in the 
Decapoda, and are represented in the Octopoda by a plate of varying 
shape. Two pairs of salivary glands pour their secretion into the 
pharynx; in the Decapoda the anterior glands are united or may be 
rudimentary. 

The oesophagus is a narrow tube which leads to the stomach; in 
Nautilus and the Octopoda a lateral crop is present. The stomach is a 
muscular organ with a large thin-walled caecum, which acts as a gall 
bladder and receives the secretion of the large liver. The two ducts which 
pass to the stomach cecum from the liver have in their walls a paired 
gland called the pancreas. The intestine leaves the stomach and passes 
forward to the anus in the mantle cavity. A glandular pocket at the 
anal end of the rectum, called the ink sac, secretes a brown or black 
fluid, by means of which the animal clouds the water when fleeing from 
an enemy ; Nautilus is without the ink sac. 

The respiratory organs consist of a pair of ctenidia (two pairs in 
Nautilus) which lie in the mantle cavity. These bear a close relation to 
the circulatory system. There are three hearts. The systemic or arterial 
heart consists of two auricles (four in Nautilus) which receive blood from 
the gills and pour it into a median ventricle, which distributes it through 
arteries throughout the body. The blood returns through large veins to 
the two branchial hearts at the base of the gills, which send it through 
these organs. 

The excretory organs consist of a pair of kidneys (two pair in 
Nautilus), which open into the mantle cavity near the anus; they also 
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open into the pericardial cavity. The kidneys bear a close relation to 
the large veins bringing blood to the branchial hearts. 

The main ganglia are massed together around the forward end of 
the oesophagus and are surrounded by a protective capsule of cartilage. 
On the dorsal side of the oesophagus are the cerebral, on the ventral side, 
lying close together, the visceral (viscero-pleuro-parietal) and the pedal 
ganglia, which are joined with the cerebral by broad connectives. In 
front of the pedal are the brachial ganglia, which are genetically a part 
of them and send off large nerves to the arms. Two pairs of large 
pharyngeal ganglia, an upper and a lower pair, lie at the base of the 
pharynx. A pair of large optic ganglia spring from the brain, and a pair 
of large stellate ganglia, which are joined to the visceral by connectives, 
lie on the inner surface of the mantle. 

The special sense organs are well developed. The eye is a camera 
obscura consisting of a deep pit with a retina on its inner surface and 
a small opening to the outside for the admission of light In Nautilus 
the eye is of this form. In other cephalopoda, a large lens is present at 
the opening, and in most forms a transparent cornea is also present in 
front of the lens. The superficial similarity of this eye to the vertebrate 
eye is very striking. A pair of lithocysts, which are organs of equilib- 
rium, lie on the under side of the cerebral cartilage. A pair of pits just 
behind the eyes are probably olfactory organs. Osphradia are present in 
Nautilus, at the base of the gills. 

The sexes are separate. The gonad is single and occupies most of 
the upper half of the visceral mass. The ducts leading from it are either 
single or paired; they do not join the gonad directly, but come from a 
capsule surrounding it, which is a portion of the coalom, and extend to 
the mantle cavity. In the female of most decapods large glandular 
structures called the nidamental glands open into the mantle cavity near 
the opening of the oviduct, which secrete the egg capsules. The vas 
deferens is single (except in Nautilus) and secretes the spermatophores. 
These capsules, filled with sperm, are introduced into the mantle cavity of 
the female by one of the arms of the male, which is often specially modi- 
fied for this purpose, and is called the hectocotylus arm. In Argonauta 
and one or two other octopod genera, the hectocotylus arm becomes sep- 
arated from the body and enters the mantle cavity of the female with its 
load of spermatophores, where it may remain for days, and as it was 
supposed at one time to be a parasitic worm, it was given a name by 
Cuvier and called Hectocotylus octopodis. 

History.— The common cuttle fish of the Mediterranean have been 
well-known animals for a very long period of time, and were called polyps 
by Aristotle and the Latin and medieval authors. The class Cephalopoda 
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was created by Cuvier in 1795 to include the same animals it does today. 
The epoch-making dissection of Nautilus by Richard Owen resulted in 
his subdivision of the class in 1832 into the Tetrabranchiata and 
Dibranchiata, and also the subdivision of these orders substantially as is 
still done. 

Distribution and Habits.— Cephalopods occur only in the sea, either 
in the neighborhood of the coast or in the open ocean or the deep sea. 
All are carnivorous, eating great numbers of fish, mollusks, and crusta- 
ceans, and often being very destructive to the fisheries. Many kinds, as 
the small squids, swim about in schools, while others, as most octopods, 
live singly. All cephalopods swim, often with great swiftness, by squirt- 
ing water out through the siphon, while the squids also swim by means 
of the fins. The animal carries its body in a horizontal position while 
swimming, with the posterior side and the siphon undermost The octo- 
pods often crawl about on the bottom on their arms. Cephalopods are the 
largest invertebrates and among the largest existing animals. Architeuthis 
princeps is the species containing the largest known individuals, the larg- 
est examples of which are over fifty feet long, including the arms. 

Cephalopods are of use to man in various ways. Many are used for 
food. The common squids are used as bait in the cod fisheries. The 
calcareous cuttle bone of the cuttle fish (Sepia) was formerly employed 
as a medicine, and the ink of the same animal is a common artist's mate- 
rial. The shell of Nautilus is also much used in the arts, and for a 
variety of useful purposes. 

The class contains two orders and about 400 species: about 5,000 
fossil species are known. 

Key to the orders of Cephalopoda: 

Ox Shell large, coiled, chambered, external 1. Tetrabranchiata 

a a Shell not coiled (except Spirulo), internal, often absent. .2. Dibranchiata 

Order 1. TETRABRANCHIATA. 

Shell external and coiled and divided by partitions into chambers 
(Fig. 952), all of which are empty and filled with air or a gas, except the 
outer one, which contains the body of the animal, and may be as large 
as all the rest of the shell ; septa regularly curved and concave in Nautilus, 
but in the fossil ammonites often very complex in structure, with a mem- 
branous tube called the siphuncle extending from the body of the animal 
through all of them, which is central in position in Nautilus and marginal 
in the ammonites; shell composed of 2 layers, of which the inner is pearly; 
4 ctenidia, 4 kidneys, and 4 auricles, but no branchial hearts present; 
siphon consists of 2 separate lobes (the epipodia) ; tentacles numerous 
and without suckers; eye without lens; ink sac absent: about 4 living 
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and numerous fossil species, grouped in 2 suborders. Of these suborders, 
the Ammonoidea, or the ammonites, were abundant throughout the Meso- 
zoic age and became extinct before its close. 

Suborder NAUTILOIDEA. 

Shell straight (Orthoceras) , bent (Cyrtoceras), loosely (Gyroceras), 
or closely coiled (Nautilus) y in the fossil species, and closely coiled in all 
the living species; septa concave; siph uncle variable in position, often 
large: 11 families, with 4 living and 2,000 fossil species, the latter dating 
back to the Cambrian and reaching their maximum in the Silurian and 
Devonian ages. 

Family NAUTILIDAE. 

Shell with few whorls, more or less overlapping; septa simple; 

siphuncle central or nearly so; tentacles about 90 in number, consisting of 

4 groups of 12 or 13 labial tentacles around the mouth, 2 groups of 17 

larger tentacles on each side of the head, 2 thicker tentacles, which combine 
to form a hood beneath which the mouth and 
its appendages can be retracted, and 2 small 
tentacles on each side of the eye: 1 genus. 

Nautilus L. With the characters of the 
family: 4 species; 300 fossil species. 

K. pompiling L.* The pearly nautilus 
(Fig. 952). Shell up to 25 cm. in diameter, 

Natural History) ' ambridg6 white with chestnut-brown stripes, and pearly 
inside; body about 18 cm. long: Pacific and 

Indian Oceans, in rather deep water near the shores; often common; 

body used for food, and the shell extensively employed for ornamental 

and useful purposes. 

Order 2. DIBRANCHIATA. 

Shell internal (except in Spirula) or absent, either horny or cal- 
careous, and not coiled (except in Spirula) ; 2 ctenidia, 2 kidneys, and 2 
branchial hearts present; siphon tubular; mouth surrounded by either 
8 or 10 arms, which have suckers or hooks; ink sac present; eye with a 
crystalline lens; body cylindrical or globose: about 350 species, grouped in 
2 suborders; about 30 species off the Atlantic coast. 

Key to the suborders of Dibranchiata: 

Ox Ten arms present 1. Decafooa 

a. Eight arms present 2. Octopoda 

• See "The Anatomy of Nautilus pomplllus," hy L. E. Griffin, Mem. Nat. Acad, 
Vol. 8, p. 103, 1900. "Notes on Living Nautilus/' by Bash ford Dean, Am. Nat., 
Vol. 36, p. 810, 1001. 
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Suborder 1. DECAPODA. 

Body either elongate or more or less globose, with a pair of fins at 
or near the aboral end, and with 10 arms, 4 pairs of shorter arms with 
suckers along their entire length, and 1 pair of long 
tentacular arms, often more or less retractile, with the 
suckers confined to a broad terminal portion; suckers 
pedunculate and with a chitinous supporting ring; shell 
(Fig. 953) always present, and either chitinous or cal- 
careous, and consisting, in its typical form (in the fossil 
Belemnitidae), of a solid, conical, terminal rostrum and a 
chambered conical phragmocone, which corresponds to the 
shell of Nautilus, and is contained in the hollow base of 
the rostrum, and whose broad, flat, anterior portion is 
called the proostracon: about 250 species, grouped in 3 
divisions; about 21 species on the Atlantic coast. 

Key to the divisions of Decapoda: 

Ox Shell calcareous. 

b x Shell spiral, with a siphuncle 1. Phragmophora 

6, Shell not spiral 2. Sepiophoba 

a. Shell chitinous 3. Chondbophora 




a belemnlte 
shell (Leunis). 

1, proostra- 
cod ; 2, phrag- 
mocone ; 

3, rostrum. 




Division 1. PHRAGMOPHORA. 

Shell consists of a phragmocone, the septa of which are pierced by 

a siphuncle near the inner margin of the whorl, with or without rostrum 

and proostracon ; arms with hooks or suckers : 2 families, in one of which, 

the fossil Belemnitidae of the Mesozoic age, the shell was 

formed of the 3 typical parts (Fig. 953). 

Family SPIRULIDAE. 

Shell partly internal and partly external, consist- 
ing of a loose spiral with 2 or 3 coils, which is the 
phragmocone alone; siphuncle contained in a continuous 
calcareous canal: 1 genus. 

Spibula Lamarck. With the characters of the fam- 
ily: 1 species. 

S. peroni Lam. (Fig. 954). Shell white and pearly, 25 mm. in diam- 
eter; body red with brown spots, 55 mm. long, with a terminal sucker: 
in deep water in tropical seas; the animal has been seen in only a very 
few cases but the shells are common in the Caribbean Sea, and are occa- 
sionally thrown up on the beach on Nantucket and other places along the 
Atlantic coast. 



SB&i 



Fig. 954— The 
shell of SpWula 
peroni (Cam- 
bridge Natural 
History). 
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Division 2. SEPIOPHOBA* 

Shell consists of a highly modified, calcareous phragmocone with air 
chambers but without siphuncle, and with a rudimentary rostrum: 1 
family. 

Family SEPIIDAE. 

Body oval; fins narrow, as long as the body, generally united behind; 
suckers generally in 4 rows; eye with cornea; fourth arm on left hecto- 
cotylised: 33 species; cosmopolitan. 

Sepia L. Cuttle fish. Shell (cuttle bone) cal- 
careous, large, broad, very thick in front, concave in- 
ternally behind; it was formerly used in medicine as 
an antacid: 30 species; 10 fossil species. 

A. officinalis L. (Fig. 955). Common sepia. Length 
of body 20 cm.; color brownish with white spots and 
stripes, and with violet fins: Europe; used for food in 
the Mediterranean. 

Fig. 955 
Sepia officii**- Division 3. CHONDBOPHOBA. 

lis (Leunis). 

arm; 2, fin. Squids. Shell (pen) a straight, chitinous plate, 

grooved towards the upper side and representing the 
probstracon alone, sometimes with a conical rudiment of the phrag- 
mocone at the aboral end ; fins usually rhombic or more or less triangular 
and usually at the aboral end of the body: 8 families. 
Key to the families of Chondrophora here described: 

Ox Fins not at the end of the body 1. Sepiolxdae 

o, Fins at the end of the body. 
6 t Siphon with a valve. 
c, Tentacular arms without hooks. 

d x Eyes with a cornea 2. Louginidae 

d, Eyes naked, without cornea 3. Ommastrephidae 

c, Tentacular arms armed with hooks 4. Onychoteuthidae 

5, Siphon without a valve 5. CaANcmroAE 

Family 1. SEPIOLIDAE. 

Body short and wide; fins large, rounded, with a narrow base and 
near the middle of the body; tentacular arms retractile; eyes with a 
cornea; pen (shell) about half as long as the body and in its hinder half, 
or absent: 17 species. 

1. Stoloteuthis Verrill. Body short, globose; head very large; 
arms united together by a broad web; tentacular arms with 8 or more 
rows of very small stalked suckers; upper arms hectocotylized ; mantle 
united with head on back; pen absent: 1 species on the Atlantic coast 
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Fig. 956 

Btoloteuthis leucop 

tera (Verrill). 




S. leucoptera Verr. Butterfly squid (Fig. 956). Length of body 30 
mm.; fins large, nearly as long as body, transparent, whitish; color bril- 
liant, upper surface thickly 
spotted with orange brown; 
under surface brown and 
blue: Gulf of Maine, in 100 
fathoms; rare. 

2. ROBSXA Owen. Lik* 
the above, but the mantle 
is not united with the 
head; pen small; both up- 
per arms hectocotylized : 10 

species, 3 in North At- 

, M . Roseia aubTevU (VerrlU). 

lantic. 

R. hyatti Verrill. Length of body 40 mm.; breadth 17 mm.; length 
of tentacular arms 40 mm.; length of longest sessile arms 18 mm.; 2 
rows of suckers towards the base of each arm, 
distal portion with about 4 rows; color pink- 
ish, spotted with purplish-brown above: Cape 
Cod and northwards, in 40 to 150 fathoms; 
rather common. 

R. snbleviB Verr. (Fig. 957). Length 46 
mm.; breadth 22 mm.; length of tentacular 
arms 25 mm.; of longest sessile arms 22 mm.; 
2 rows of suckers on entire arm ; color pinkish, 
spotted, with purplish-brown above : Cape Cod 
and northwards, in 40 to 150 fathoms; com- 
moner than the above. 

Family 2. LOLIGINIDAE. 

Body elongate; fins terminal; shell (pen) 
as long as the trunk and pointed; tentacular 
arms partially retractile, with 4 rows of 
suckers; other arms with 2 rows; fourth arm 
on left hectocotylized at tip; siphon attached 
to head and with a valve; eye with a cornea: 
about 50 species; littoral. 

Louoo Lamarck. Calamaries. Body elon- 
gate ; fins rhombic in shape, united behind : 31 
species, cosmopolitan, 3 on the Atlantic coast. 

L. pealei Lesueur (Fig. 958). Common squid. Body a flattened 
cylinder, pointed at the fin end; fins more than half the length of the 




Fig. 958 
Loligo pealei (VerrlU). 
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trunk; shell (pen) lanceolate, narrow; length 20 cm.; width 6 cm.; 
color dark grayish with reddish spots ; eggs deposited in long cylindrical 
jelly masses, attached together at one end: Maine to South Carolina; 
very common. 

L. pallida Verrill. Very similar to above; body thick, fins more 
than half the length of the trunk; color pale with few spots; length of 
body 20 cm. ; length of fin 75 mm. : Long Island Sound. 

Family 3. OMMASTREPHIDAE. 

Body cylindrical, elongate ; fins terminal, joined together and rhom- 
bic; arms usually short, with varying number of rows of suckers; eyes 
naked, without a cornea ; siphons united by bands to the head ; pen slen- 
der and small, with a hollow cone at the hinder end : cosmopolitan; about 
25 species, mostly in the open ocean. 

JKey to the genera of Ommastrephidae here described: 

lit Size small or moderate 1. Oiocastrephes 

c, Size very large 2. Abcuiteutuis 

1. OmiASTREFHES D'Orbigny. Sea arrows. Flying squids. Body 
elongate; arms with 2 rows of suckers; tentacular arms not retractile 
and with 4 rows of suckers ; siphon valved : 13 species, 4 American. 

0. illecebro8U8 (Lesueur) (Fig. 959). Fins about half as long as the 
trunk; length 30 cm.; width 3 cm.; length of fin 8 cm.; length of sessile 
arms 10 cm.; of tentacular arms 18 cm.; color deep blue, passing into 
red, spotted, sometimes pale: eastern end of Long Island Sound to Bay 
of Fundy and northwards, common north of Cape Cod; very swift in 
motion. 

0. bartrami (Lesueur). More slender, elongated, and darker-colored 
than the above, with a relatively shorter caudal fin: Gulf stream, some- 
times off the coast. 

0. tryoni Gabb. Length 20 cm. : very common on the coast of Cali- 
fornia, where they are caught in great numbers by Chinese fishermen 
and dried for exportation to China. 

2. A&CHrTETTTHXS* Steenstrup. Giant squids. Differs from the pre- 
ceding genus in that an irregular group of small, smooth-rimmed suckers 
are on each tentacular arm, intermingled with rounded tubercles; suck- 
ers of sessile arms strongly denticulate; fins shaped like an arrowhead: 
9 species, in the deep sea in all parts of the world, most of the specimens 
accurately known having been captured in the North Atlantic. 

• See "The Colossal Cephalopoda of the North Atlantic/' hy A. E. Verrill, Am. 
Nat, Vol. 9, p. 21, 1875. 
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A. princep8 Verrill (Fig. 960). Length of body up to 6 m.; of the 
tentacular arms 11 m. and more ; of the sessile arms 3 m. ; of beak 12 cm. ; 
diameter of suckers 30 mm., of the eyes 35 cm.: in the deep sea, thrown 
up occasionally on the coast of Newfoundland; the largest cephalopod. 

Family 4. ONYCHOTEUTHIDAE. 

Body cylindrical, fins terminal or lateral ; tentacular arms very long 
and furnished with retractile hooks as well as suckers; shell lanceolate, 
with a terminal cone; eye naked, without a cornea: 23 species; pelagic. 




ffef 





Fig. 959 

Fig. 959 — Ommastrephe$ illecebrosu* (Verrill). 

(Verrill). 



Fig. 960 
Fig. 960 — ArchiteutM* princw 



Ovtohotsttthis Lichtenstein. Body elongate; sessile arms without 
hooks and with 2 rows of non-denticulate suckers; tentacular arms, thick, 
with 2 rows of strong hooks, with a group of rounded suckers at their 
base: 10 species, 1 on the Atlantic and 1 on the Pacific coast. 

O. bankni Leach. Head with 11 longitudinal ridges; fin9 rhombic, 
wider than long, about half the length of the body; length 15 cm.; color 
brownish, with blue around the eyes: in all seas; often common. 
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Family 5. CRANCHIIDAE. 
Body cylindrical; head small, with large eyes, which are without 
cornea; sessile arms short; tentacular arms long and slender; shell 

lanceolate: 13 species. 

LOUOOP8Z8 Lamarck. Body elongate, 
attenuate behind, with large fins; siphons 
not valved: 8 species. 

L. pavo (Lesueur). Peacock squid 
(Fig. 961). Body very long, being 1 m., 
including tentacles; fins about one-fourth 
the length of the body, rounded in outline; 
color red, spotted: Arctic seas, south to 
Cape Cod; very rare on our coasts. 

Suborder 2. OCTOPODA. 

Body more or less globose, generally 
without fins; 8 arms, with suckers usually 
sessile; no shell except in Argonauta; no 
nidamental glands: about 140 species, 
grouped in about 5 families. 

Family 1. ABGONAUTIDAE. 

Female with a thin, symmetrical, spiral 
shell, without septa, which is secreted by 
(Verrfli)". terminal expansions of the two upper arms 

and is used as an egg-case, which the animal can leave at will; male 
very small, with the third arm on the right hectocot ylized : 1 genus; in 
all the warmer seas. 

Argonauta L. Argo- 
naut. Paper nautilus. With 
the characters of the fam- 
ily : 11 species, 1 on the At- 
lantic and 1 on the Pacific 
coast. 

A. argo L. (Fig. 962). 
Shell whitish, ribbed, with 
2 rows of sharp protuber- 
ances on the periphery, 20 
cm. long; length of female 
20 cm. ; color whitish or yel- 
lowish with red dots; length of male 25 mm.: Atlantic Ocean, occasionally 
on the coast of the central and southern states. 




Pig. 961 — Loligopsis pavo 

'- TiU). 




Fig. 062 — Argonauta argo. A» sneu; is, uunuu 
without shell (Verrill). 
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Family 2. OCTOPODIDAE. 

Devil-fishes. Head very large; arms elongated, webbed, similar; 
suckers in 2 rows and sessile; mantle united to the head by a broad, 
dorsal commissure; third arm on right hectocotylized : about 8 genera. 

Octopus Lamarck. Sea polyp. Body round; arms long; no fins: 
50 species; cosmopolitan; 2 species on the Pacific coast, 4 on the Atlantic. 

O. bairdi Verrill (Fig. 963). Body 
short, thick, covered with small tubercles, 
75 mm. long, 35 mm. wide, bluish-white in 
color, specked with brown; arms short, 10 
cm. long, webbed a third of their length : 
common north of Cape Cod in rather deep 
water; Europe. 

O. punctatas Gabb. Body ovate, 9 mm. long; length of arms 22 
mm.; color red, spotted: common from Alaska to Lower California, in 
tide pools; it grows much larger in open water, where the length of the 
body may be 30 cm., and that of the arms 5 m. 




Fig. 063 — Octopus bairdi 
(Verrill). 
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PHYLUM 7. 
ECHINODERMATA* 

Marine animals with a radially symmetrical, five-rayed body, with cal- 
careous spicules or plates in the body wall, and a system of tubes extend- 
ing throughout the body known as the ambulacral or water-vascular 
system. 

External Form.— The larval echinoderm is typically a minute, bilat- 
erally symmetrical animal (Fig. 964) which swims about actively in the 

surface waters of the sea; it goes 
through a complicated metamor- 
phosis and is finally transformed 
into the radially symmetrical adult, 
which lives on or near the bottom, 
either creeping, or in some cases 
swimming, slowly about, burrowing 
in the sand or in the rocks, or 
permanently attached by a stalk to 
one place. The body of the adult 
is made up of ten principal di- 
visions, which radiate from the 
main body axis like the spokes of a 
wheel (Fig. 965). These divisions 
are the five radii or rays (1) and 
the five interradii or interrays (2), 
which alternate with them. The main axis of the body passes between 
its two most important surfaces. These are the oral or under surface, 
in the center of which is usually the mouth (3), and the aboral or 
upper surface, which is opposite to it, and in most cases contains the 
anus (4). The relative length of its main axis determines the gen- 

• See "Invertebrate Animals of Vineyard Sound," by A. E. Verrill, Rep. of U. S. 
Fish Com. for 1871. "Ecbinodcrmata," by W. N. Locklngton, Stand. Nat. Hist., 
Vol. 1, 1888. "Echlnodernien," by H. Ludwig and O. Hamann, Bronn's Klassen u. 
Ord., 2 Bd., 3d Abt., 1889-1904. "Distribution of tbe Ecblnoderms of Northeastern 
America/' by A. E. Verrill, Am. Jonr. Scl., VoL 49, p. 127, 1895. "Ecblnoderms of 
the Woods Hole Region/' by H. L. Clark, Bull. U. S. Fish. Com., Vol. 22, p. 543, 1902. 
"Les Ecblnodermes," by Delage et Herouard, Traits de Zool. Coner, 1903. "Ecblno- 
dermata," by E. W. MacBride, Camb. Nat Hist., 1906. "Ecblnoderms of Connec- 
ticut," by W. R. Coe, Bull. No. 19, St. Geol. and Nat Hist Sur., 1912. "A Biological 
Survey of Woods Hole and Vicinity/' by F. B. Sumner and others, Bull. Bur. Fisheries, 
Vol. 31, 1911. 

614 




Fig. 964 — Larvae of echinoderms (after 
J. Mtiller). A, youngest stage, common 
to all the classes ; B and C, two stages of 
the auricularia (Holothurioidea) ; D and 
E, two stages of the biplnnaria ( Aster oi- 
dea) : F, a pluteus (Echinoidea). 1, 
mouth ; 2, anus. 
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eral shape of the body. In some echinoderms this axis is very short, 
as in the starfish, the oral and aboral surfaces are near together, and 
the body is flat and disc-shaped; in these animals the oral surface is 




pig. 966— Diagrams Illustrating the radiate structure of echinoderms. 
fish, oral aspect ; B, sea jirchin, oral aspect; C, sea urchin^ lateral^ aspect ; 



A, star- 
D, holo- 



UBO. Oral aupcci , o, »CH unutu, uim a.Bi#ci:t. , v., sm uivuiu, »^«i «*o«cvt. , a- 

thurian, lateral aspect (Boas). 1, radius; 2, lnterradius; 3, mouth; 4, anus. 

the under one, on which the animal moves about, and the main body 
axis is perpendicular to the ground. In others the main axis is 
long and the body is 
consequently long and 
worm-like, as in holo- 
thurians; the oral sur- 
face, with the mouth, 
is not undermost in 
these aninlals, but is at 
what may be called its 
anterior end, and the 
animal lies with its 
main axis parallel with 
the ground. In crinoids 
the oral surface lies 
uppermost (Fig. 968), 
and in many of them a 
long stalk extends from 
the aboral surface at- 
taching the animal to 
the sea bottom. 

In starfishes, brit- 
tle-stars, and crinoids 
the radii are greatly elongated, forming five or more large arms, which 
radiate from a central disc (Fig. 965, A). Many echinoderms also show 
a decided tendency towards the development of a secondary bilateral 
symmetry and always move with a certain radius in advance (Fig. 




lg. 066 — Diagram of 
wli 



starfish and sea urchin, 

of certain of the organs. 

the disc and one arm of a star- 



showing the arrangement 
section through the t 
B, a section through a sea urchin (altered from 



A, a section throug 

fish; ~. 

Boas). 1, mouth; 2, anus; 3, peristome; 4, ring 

canal ; 5, stone canal ; 6, stomach ; 7, radial canal ; 

8, ampulla; 0, raadreporlte ; 10, ambulacral foot; 11, 

liver ; 12, dentary body ; 18, gill ; 14, calcareous 

plates ; 15, papula. 
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Projecting from the surfaces of the radii into the surrounding 
water are soft, tubular structures known as the ambulacral appendages 
or podia, which are parts of the ambulacral system (Fig. 966, 10). 
In many echinoderms a sucker disc terminates each appendage; the 
animal attaches this to objects in the water and then by the muscular 
contraction of the appendage pulls itself slowly along; such ap- 
pendages are called ambulacral or tube feet. Ambulacral append- 
ages perform a variety of functions, however, besides that of locomotion ; 
they may assist in the taking of prey and are also always, whether pro- 
vided with sucker discs or not, important tactile, respiratory, and perhaps 
excretory organs. Spines also, sometimes controlled by muscles and 
sometimes not, as well as other special structures, project from the body 
of starfishes, sea-urchins, and brittle-stars. 

Special sense organs are very poorly developed. Some starfishes, 
holothurians, and sea-urchins have pigment eyes, and most sea-urchins 
and some holothurians have static organs, but these and all other echino- 
derms must depend principally on their tactile sense for a knowledge of 
their environment. 

The color of the body is in many echinoderms brilliant and varied, 
often being orange, red, or purple; some are quite transparent. 

Internal Structures.— The body wall of echinoderms contains charac- 
teristic calcareous bodies (Fig. 966,14). These are least developed among 
the holothurians, where they are minute spicules, which give a certain 
rigidity to the body wall, and are best developed in the sea-urchins, in 
which they consist of polygonal plates, forming a closed case. The body 
cavity is voluminous and contains the vegetative and reproductive organs. 
The alimentary tract is well developed and extends from the mouth to 
the anus (6). The ambulacral system is an extensive system of tubes, 
which are filled with a watery fluid containing blood or lymph corpuscles. 
The main part of the system is a ring-shaped canal or tube (4) which 
surrounds the oesophagus, and five radial canals (7) which spring from 
the ring canal and traverse the five radii. From these radial canals, and 
in some cases from the ring canal also, branch canals go off to the ambu- 
lacral appendages (10), which, as we have seen, project from the surface 
of the body into the water. Sac-like expansions of the branch canals 
called ampullae (8) are usually present. From the ring canal an addi- 
tional vessel called the stone canal (5), because its walls usually contain 
minute calcareous bodies, passes, in starfishes, sea-urchins and brittle- 
stars, to the external surface of the body, where it opens to the outside 
through a perforated plate called the madreporite (9), and in holothurians 
and crinoids ends free in the body cavity. In crinoids and some holo- 
thurians more than one stone canal may be present. The purpose of the 
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stone canal is to introduce sea water (or the body fluid) into the ambu- 
lacral system. The fluid in it is, however, never pure sea water but 
always contains lymph bodies in the form of amoeboid cells. Lymph 
glands occur in the ambulacral system of many starfishes in the form 
of small sacs called Tiedemann's vesicles, which spring from the wall of 
the ring canal. In many echinoderms there also arise from the ring canal 
elongated sacs known as Polian vesicles. These seem to serve chiefly as 
regulators of the pressure in the ambulacral system, but they may also 
give rise to the amoeboid cells. An organ of somewhat problematical 
function called the axial organ, which surrounds the stone canal, without, 
however, opening into it, is also probably a lymph gland, and has, besides, 
a close relation to the reproductive organs; in most echinoderms this 
organ is itself surrounded by the axial sinus, a tubular portion of the body 
cavity. 

The fluid in the ambulacral system is kept in circulation by means of 
cilia on the inner surface of the tubes, and muscle fibers in their walls; 
valves are present where the ambulacral feet join the branch canals. 

There are two or three systems of nerves in the echinoderm body. 
These are (1) the superficial oral system, consisting of a ring nerve 
around the mouth or the oesophagus, and five radial nerves which pass 
along the five radii; (2) the deeper oral system which accompanies the 
superficial system; and (3) the apical system which is confined to the 
aboral body wall. The first of these systems is present in all echinoderms 
and innervates the ambulacral system and the digestive canal. The second 
is wanting in crinoids and certain sea-urchins; the third is especially 
prominent in crinoids, but is wanting in holothurians. 

The general surface of the body, including the ambulacral append- 
ages, plays the greatest part in the performance of the functions of res- 
piration and excretion. In starfishes and sea-urchins, where the surface 
is ciliated, its importance in this particular is increased; the papulae of 
the former and the peristomial gills of the latter still further enlarge its 
functional area. Most holothurians have special respiratory organs, and 
the bursae of brittle-stars may function as such. 

The body cavity is not a single space but a complex system of spaces 
and canals, some of which are often cut off from the rest, and which 
contain a circulatory fluid similar to that in the ambulacral system. There 
is one principal space, which may be called the body cavity proper, con- 
taining the greater part of the viscera, and small spaces and canals which 
extend to every part of the body and surround the principal organs. The 
most important of these canals are the radial blood vessels, which consist 
of a ring vessel and five radial vessels, following the ambulacral canals 
and the radial nerves. No heart is present, and the blood fluid is kept in 
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circulation by the cilia which line the inner surface of the spaces and 



The sexes are separate in the majority of echinoderms, the males and 
females being more or less alike in appearance. The genital organs are 
simple in structure. Except in the holothurians and some sea-urchins, 
they consist of five gonads or pairs of gonads, which open separately to 
the outside. In the holothurians, they consist of a branched gonad which 
opens to the outside near the mouth; this gonad may be homologous to 
the axial organ of other echinoderms. No accessory genital glands or 
organs are present among echinoderms, and the sperm and ova are 
usually thrown into the surrounding water, where fertilization takes 
place. 

Echinoderms have great regenerative powers; an arm broken off is 
replaced, and a holothurian may regenerate its digestive tract and other 
viscera if these are voided when the animal is irritated. Certain star- 
fishes and brittle-stars reproduce asexually, by transverse division. 

Distribution and Habits.— Echinoderms are inhabitants of the sea 
bottoms. They are found in all parts of the globe, the various species 
ranging from the shore line to the greatest depths. A few forms can 
swim, but the greater number creep slowly about, feeding on small animals 
and plants, organic matter in the sand and mud, or seaweeds. 

History.— Leuckart, in 1847, first recognized the Echinodermata as 
one of the main subdivisions of the animal kingdom. The name origi- 
nated with Klein, who, in 1734, applied it to the sea-urchins. Lamarck 
added the starfishes and Cuvier the holothurians to the group, which 
formed a class under the Zoophyta or Radiata. Leuckart's great service 
consisted in showing that Cuvier's Radiata formed an assemblage of 
animals which are without natural relationships and in splitting it into 
the Calenterata and Echinodermata, the former being very primitive ani- 
mals without a distinct body cavity or a digestive tract, both of which are 
possessed by the latter. 

The Echinodermata contain about 4,000 species, grouped in five 
classes. 

Key to the classes of Echinodermata: 

a l Arms present 
6» Arms with small branches called pinnules ; oral surface directed upwards. 

1. Crinoidka 
5, Arms without pinnules ; oral surface directed downwards, 
c, Oral surface of arm with a deep longitudinal (ambulacral) groove. 

2. ASTEBOIDEA 

c, Ambulacral grooves absent 3. Ophiuboidea 

a t Arms absent. 

b x Body covered with movable spines ; no oral tentacles 4. Echinoidea 

6 a Body without spines ; oral tentacles present 5. Holothtjrioidea 
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Class 1. CRINOIDEA. 

Sea-lilies. Feather-stars. Echinoderms which, either throughout life 
or during their youth alone, are attached by a stalk to the sea bottom. 
The body of the typical crinoid is made up of three parts, the disc or 
calyx, the arms, and the stalk. The calyx is more or less cup-shaped and 
forms the central mass of the body. Its oral surface, with the mouth, 
is directed upwards; near the mouth and raised above the surface in an 
interradius is the anus. The aboral side is directed downwards and is 
attached to the stalk when this is present. In some crinoids the stalk 
bears whorls of jointed appendages called cirri. In most living crinoids 
the stalk is wanting in the adult animal 

The arms are either five or ten in number, and often branch di- 
chotomously. They bear small alternating branches called pinnules which 
give them a feathery appearance. Five ambulacral grooves radiate from 
the mouth to the arms, and pass along their oral surface, branching with 
them, extending to the tips of the pinnules. These grooves are lined 
with cilia, which create a current running towards the mouth, to which 
they aid in bringing food. Ambulacral appendages are present along 
the edges of the grooves, which are tactile, respiratory, and excretory in 
function. The general surface of the body is not ciliated. No special 
sense organs are present. 

Internal Organs.— The calcareous skeleton of crinoids is extensively 
developed. The aboral wall of the calyx contains two groups of polyg- 
onal plates which fit together closely and are often fused; these are the 
basals (Fig. 968,1) and the radials (2). The former are at the end of 
the stalk, occupying interradial areas; they are normally five in number, 
but may be reduced by fusion, or increased to ten by the addition of five 
infrabasals in the radial areas between the basals and the stalk. 

The radials are in the radial areas and lie above the basals, one or 
more rows of them being present ; interradials are present in some species. 
The oral body wall in Holopus and other primitive crinoids contains five 
large oral plates; in most crinoids, however, a number of small plates is 
here present, or there may be no plates at all. A row of large circular 
plates called brachials is present in the arm, which join the radials. 

The stalk contains a succession of disc-like plates placed one on top 
of another; the cirri are similarly jointed. 

The body cavity occupies the calyx, and extends through the arms to 
the tips of the pinnules and through the stalk and cirri. In the calyx 
it contains a network of connective tissue fibers which are often calcified. 

• See "Report on tbe Crinoldea," by F. H. Carpenter, Reports of the Challenger, 
Vol. 26, 1888. 
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The body cavity contains a blood fluid mixed with sea water, which is 
admitted through ciliated pores in the oral wall of the calyx. 

The mouth opens into the tubular digestive canal, which runs once 
round the main axis of the body cavity and then opens to the outside 
through the anus. No digestive glands are present, but certain inter- 
radial diverticula of the intestine in Antedon may have a glandular 
function. 

The ambulacral system consists of a ring canal around the mouth and 
five radial canals which branch with the arms and are continued in the 
pinnules. The ambulacral appendages along the edges of the ambulacral 
groove are without terminal suckers and ampullae. A number of stone 
canals, which lack calcareous bodies in their walls, leave the ring canal and 
end free in the body cavity. Five groups of ambulacral tentacles also 
spring from the ring canal and surround the mouth. 

The superficial oral nervous system, consisting of an oral nerve ring 
and a radial nerve in each arm, is situated just beneath the outer epi- 
thelium; an apical system is also present, consisting of a nerve capsule in 
the aboral calcareous plates and large radial nerves which run through 
the brachials into the arms. The reproductive organs, the ovaries or 
testes, extend throughout the arms and into the pinnules, where they 
become ripe, and through minute pores of which the ova or sperm are 
extruded. The five gonads are usually joined with an organ called the 
genital stolon, which lies in the axis of the calyx and is homologous to 
the axial organ of other echinoderms. The sexes are separate. 

Distribution and Habits.— The stalked crinoids are deep-sea forms, 
and most numerous in East Indian waters, but are also found in nearly 
all oceans; they constitute about one-fifth of living crinoid species. The 
Antedonidae and Comasteridae are not stalked as adults, and are also 
commonest in East Indian waters, varying from the shallow waters along 
the shores to great depths, but are also found, and often plentifully, in 
almost all seas; they do not occur, however, in the shallow waters of 
New England. The stalked forms may be rooted to the bottom, but it is 
likely that the stem is occasionally broken accidentally or perhaps by the 
animal itself and that it then moves about by means of the arms. 
Isocrinus is perhaps never permanently rooted, but anchors itself tempo- 
rarily by its cirri, and possibly moves about at will The Antedonidae 
and Comasteridae are found among rocks and coral colonies and move 
about slowly, swimming by means of their arms. 

History.— Antedon, which has always been the best known crinoid, 
was usually classed with starfishes by the earlier zoologists. J. S. Miller, 
in 1821, first organized the group under the name Crinoidea, and E. 
Forbes, in 1841, raised it to the dignity of an independent class. 
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The Crinoidea contain nearly 500 living species, grouped in a dozen 
or more families; about 2,000 fossil species are known. 
Key to the families of Crinoidea here described: 

a, Sessile crinoids (as adults). 

6 t Calyx attached directly by its base 1. Holopodidae 

6, Calyx attached by a long stalk. 

c t Stalk without or with very few cirri 2. Boubgueticrinidae 

c, Stalk with cirri 3. Pentacrinidae 

a, Crinoids which are not sessile (as adults). 

b t Pinnules cylindrical or somewhat flattened, with very long segments. 

4. Antkdonidae 

6, Pinnules, at least the lower, more or less prismatic, with short segments. 

5. COMASTEBTOAE 

Family 1. HOLOPODIDAE. 

All the aboral plates of the calyx fused together; calyx joined 
directly with the sea bottom, no stalk being present; 10 short thick arms 
present, which curl inwards: 1 genus. 

Holofvb D'Orbigny. With the characteristics of the family: 1 
species. 

H. rangi D'Orb. Height 4 cm.: in the Caribbean Sea; rare. 

Family 2. BOUBGUETICBINIDAE. 

Calyx slender, with 5 basals and 5 radials often united, and with 
5 or 10 arms ; stalk long, with very few or no cirri : 1 living genus. 

Bhizooxihtts Sars. Calyx elongate; 5 slender arms with long 
pinnules; no cirri except on root of stalk: 15 to 20 species. 

E. lofotensis Sars. Arms with 30 to 40 segments, 8 cm. long; stalk 
7 cm. long: in Atlantic Ocean, from 80 to 1,900 fathoms. 

Family 3. PENTACBINIDAE. 

Calyx small ; 5 arms, each dichotomously divided 1 to 10 times, with 
small pinnules ; stalk long, with long cirri ; no root : 4 to 5 living genera. 

Isocaiinxs Von Meyer. Calyx with 5 basals; arms divided 3 to 5 
times; stalk often very long, and more or less distinctly pentamerous 
in cross section : 3 species in the West Indian region. 

I. asterias (L.) (Fig. 967). Length of stalk up to 48 cm., of the 
cirri 7 cm., of the arms 10 cm.: West Indies, in 80 to 300 fathoms. 

Family 4. ANTEDONIDAE. 

Crinoids which have a stalk and are sessile only as young animals, 
the adult having shed the stalk, except the first segment or the first few 
segments which fuse together and bear cirri and are called the "centro- 
dorsal;" 5 to 20 or more long arms, on which are pinnules: several 
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genera with more than a hundred species; in almost all seas from shallow 
water to 2,900 fathoms, among rocks or hydroid or coral colonies or in 
algae, climbing about actively by means of their arms and cirri or 
swimming about slowly. 

Ahtedon Freminville. Mouth central and ambulacral grooves 
equal in length; pinnules smooth, one or more of the proximal elon- 
gated and flagellate ; centrodorsal hemispherical or nearly discoidal, with 
10 to 30 cirri: 35 species. 





Fig. 967 



Fig. 968 



Fig. 967— X80crinu8 aateriat (Leunis). Fig. 968 — Antedon tenetta — a young, attached 
Individual (Verrill). 1, basal; 2, radial; 8, brachial. 

A. teuella (Retzius) (A. dentata Say) (Fig. 968). Ten arms; cen- 
trodorsal with 25 to 30 cirri, each with 10 to 16 segments; diameter 6 cm. : 
Atlantic coast, in 35 to 600 fathoms, from New Jersey northwards. 

Family 5. COMASTEREDAE. 

Similar to the Antedonidae, but differing in that the mouth is excen- 
tric, the ambulacral grooves are of unequal length, the proximal pinnules 
are serrated, and the centrodorsal is discoidal with few or no cirri: a 
dozen genera and numerous species; in all warm seas, chiefly in shallow 
water. 

1. KEOCOXATSLLA A. H. Clark (Comatula Lamarck; Actinometra 
J. Miiller). Outer segments of cirri with slight dorsal processes; arms 
more than 10: 1 species. 
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N. alata (Pourtales). Twenty arms present; centrodorsal with 
about 30 cirri in 2 irregular rows, each with 15 to 18 segments: West 
Indian waters, from 78 to 310 fathoms. 

2. Ooxaotxnxa A. H. Clark. Segments of cirri without dorsal 
processes; 10 arms present: 3 or 4 species; in West Indian waters. 

0. meridionalis (£. C. and A. Agassiz). Length and stoutness of 
arms variable ; segments of genital pinnules very short : Beaufort, N. C, 
and southwards, in 12 to 100 fathoms. 

Class 2. ASTEROIDEA.* 

Starfish. Echinoderms in which the radii are more or less elongated 
so that the body has the form of a five-armed star (Fig. 965, A). In 
some of them the number of arms is normally greater than five, and 
many abnormal individuals are found with more or sometimes less than 
this number. The oral surface is directed downwards and on it the 
animal rests and moves about; the aboral surface is directed upwards. 
Surrounding the mouth is a membranous area called the peristome 
(Fig. 966, A, 3). The main axis of the body is short and extends from 
the mouth in the middle of the oral to the middle of the aboral surface: 
the anus has an excentric position in this surface. 

Extending from the peristome along the oral surface of each arm 
is the median ambulacral groove, from the walls of which either two or 
four rows of ambulacral feet project into the surrounding water (10). 
On the aboral surface in an interradius is the 
madreporite (9), the external opening of the am- 
bulacral system. 

The external epithelium is ciliated. Spines or r^ £ ^o, 
tubercles appear on the surface of all starfishes; m ogo A and B ^ 
some of these especially along the edges of the |j^ c ^2la {lSSwS)! 
ambulacral grooves are movable. Minute pincer- 
like organs called pedicellariae (Fig. 969, A and B), which are 
modified spines, are usually present; they may be either sessile 
or pedunculate (stalked), and their jaws are either straight or 
crossed like scissors. Paxillae (C), also modified spines, are present in 
some groups, each paxilla being a thick calcareous rod, the summit of 
which is covered with minute spines. Short finger-like projections of 
the body wall called papulae (Fig. 966, 15) also appear, especially on the 

• See "North American Starfish/' by A. Agassis, Mem. Mns. Comp. Zool.. Vol. 5, 
1877. "Report on the Asteroidea," Zoology of the Challenger, Vol. XXX, by W. P. 
Sladen, 18S9. "Asteroidea," by A. B. Verrill, Amer. Jour. Sci., Vol. 49, 1895. 
"Revision of Certain Genera and Species of Starfish," by A. B. Verrill, Trans. Conn. 
Acad., Vol. 10, p. 145, 1899. "Asteroidea of the North Pacific and Adjacent Waters," 
by W. K. Fisher, Bnll. U. 8. N. M., 1911. 
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aboral surface, which are of importance in respiration and excretion. A 
red eye spot is present at the tip of each arm, but with this exception 
special sense organs do not occur. 

Internal Structure.— The calcareous plates which support the body 
are of various sizes and joined with one another by muscles and con- 
nective tissue fibres. The most regularly arranged of them are the 
ambulacral plates, two rows of narrow calcareous rods which form the 
roof of the ambulacral groove; between these plates are the ambulacral 
pores. 

The mouth (1) is a small opening in the middle of the peristome. 
From it a short oesophagus leads to the large stomach (6), which, with 
its folded walls, fills the disc. Joining the aboral portion of the stomach 
are the five pairs of extensively branched liver sacs which lie in the 
arms. A short, slender rectum passes from the stomach to the anus (2) 
and may send off a small branched caecum; anus, rectum, and caecum are 
apparently all rudimentary structures, and the anus and caecum may 
be absent. The ring canal (4) and the radial canals of the ambulacral 
system are extra-skeletal in position, the former lying at the margin of 
the peristome and the latter in the middle line of the ambulacral grooves. 
Paired branches go from the radial canals to the ambulacral append- 
ages, which, except in three or four families, possess terminal sucker 
discs and are used for locomotion. One or two rows of these are present 
on each side of the radial canal; from each foot a small sac called an 
ampulla (8) extends through the ambulacral pore into the body cavity, 
the function of which is to aid in extending the foot. The walls of the 
ampulla, as those of the foot, are muscular and by their contraction the 
ambulacral fluid is forced into the foot. The terminal end of each radial 
canal projects freely into the water at the tip of the arm. Two kinds of 
glandular sacs may extend from the ring canal through pores into the 
body cavity, which furnish lymph cells to the ambulacral fluid ; those of 
most general occurrence are the Tiedemann's vesicles; the others and 
larger ones are the Polian vesicles. The ring canal is joined with the 
madreporite by the stone canal (5). 

Special respiratory and excretory organs are not present, the ciliated 
external surface of the body with the papulae and ambulacral appendages 
performing the functions of such organs. 

The most important circulatory vessels are a ring vessel and five 
radial vessels which lie just beneath the main ambulacral canals; they 
are in open connection with the body cavity. The superficial oral nerv- 
ous system is epithelial and extra-skeletal in position; each radial nerve 
ends at the tip of the arm with an eye. The other nerves are intra- 
skeletal and are not strongly developed. 
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The sexes are, with rare exceptions, separate. The testes and ovaries 
look much alike and consist of five pairs of racemose glands at the base 
of the arms, which open to the outside through minute pores in the inter- 
radii. Adjoining the stone canal is the cylindrical axial organ enclosed 
in the axial sinus, a portion of the body cavity. An extension of the 
axial organ forms a ring around the aboral side of the body cavity, from 
which a strand goes to each reproductive gland. The axial sinus follows 
this extension and also finally encloses the glands themselves. The 
larval starfish is either a bipinnaria or a brachiolaria. In some star- 
fishes the female forms a brood sao by bending the arms together, in 
which the eggs are sheltered. 

Distribution and Habits. — Starfish are common animals through- 
out the world, being found in all seas from tide lines to very great 
depths. They move slowly about on the bottom by means of their 
ambulacral feet and also to some extent by the movements of their arms, 
often in schools, devouring the mollusks and crustaceans they meet in 
their path. They are important enemies of the oyster fisheries. A star- 
fish kills its prey by wrapping its arms about it and everting its stomach 
over it (Fig. 970), and slowly digesting its soft parts. Those which have 
no suckers on the tube feet, however, can 
not do this and are not carnivorous but 
feed on minute organisms which they swal- 
low. Starfish possess great regenerative 
powers and can replace lost arms. 

History. — Starfishes were well Known 
to Aristotle and also to the medieval 

writers on animals. The scientific knowl- __ 

edge of them begins with Linck in 1733, pig. 970 — Starfish feeding (Cam- 
whose work was a standard until the time of ^ e a ura 0TJ '' 

Cuvier. In 1816 appeared Tiedemann's comprehensive description of the 
anatomy of the animals, and this and Miiller and Troschel's classification 
(1842) laid the foundation of our present knowledge of the group. The 
bipinnaria larva was discovered by M. Sars in 1829. The modern classifica- 
tion is based upon that of Perrier (1875), and of Sladen (1889). 

The class contains 3 orders and about 1,000 species. 

Key to the orders of Asteroidea: 

Ox Starfishes with prominent contiguous marginal plates along the sides of 
the arms and with 2 rows of ambulacral feet in the arm. 

1. Phanebozonia 
o, Starfishes usually with long arms and without prominent marginal 
plates ; aboral body wall spiny ; ambulacral feet with suckers. 

b x Pedicellariae very rare or absent and not pedunculate 2. Spinulosa 

o, Pedicellariae present and pedunculate. ,...,... .3. Fobcipulata 
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Order 1. PHANEROZONIA. 

Either 1 or 2 rows of large marginal plates along the sides of the 
arms (Fig. 971), these plates being in contact with one another and 
giving the arm a definite margin; 2 rows of ambulacral feet in each arm; 
pedicellariae often wanting, and when present, sessile: 8 families. 

Key to the families of Phanerozonia here described : 

ch Aboral wall membranous, and covered with paxillae or spines; feet conical; 
suckers inconspicuous or absent. 
b x Arms long; feet without suckers; paxillae present. .. .1. Astbofbctinidae 
6, Body usually pentagonal ; epiproctal projection on aboral surface. 

2. POBCELLANABTEBZDAE 

a, Aboral wall not membranous ; body often pentagonal ; feet with sucking discs. 

ft, Aboral wall with closely fitting platos, mosaic-like 3. Goniastebiiiae 

ft, Plates of aboral wall form a reticulum. 

0i Body covered with a smooth, thick skin 5. Astebofidae 

c, Body not covered by a thick skin 4. Obeastekidae 

Family 1. ASTBOPECTINIDAE. 
Flattened starfishes with long, slender arms, with a membranous 
aboral wall covered with paxillae (Fig. 969, C), with very large marginal 
plates (Fig. 971, 2), which may carry long spines, with conical ambulacral 
feet which lack the sucking disc, and usually without anus: 9 genera, 
with more than 100 species. 

1. A8TR0PX0TEK Gray. Two rows of marginal plates, the lower row 
with many spines, the upper row with granules or spines; no pedicel- 
lariae: 60 species, in all parts of the world, 

Ss^^QT* mostly littoral. 

I'rM'-' X ^ w** 0111 **!* 8 (Say). Each upper mar- 

£$ ginal plate near tip of arm with a small blunt 

'"• tubercle; size 20 to 25 cm.: New Jersey south- 
wards, from the shore to 25 fathoms; often 
Fig. 971— Small portion common. 
2n .™ ^~^5Sg5rt2f A. duplicate Gray. Upper marginal plates 

paxfnae; V upper* mar- w ^h erect, conical spines; size 15 to 20 cm.: 
the^ower^argina^pfate^ North Carolina southwards; common in 6 to 15 
fathoms. 
A. calif ornicus Fisher (Fig. 971). Upper marginal plates without 
spines or tubercles; size 12 to 18 cm.: coast of California, in 10 to 240 
fathoms; common in Monterey Bay. 

2. Lttxdia Forbes. Only one row (the lower) of marginal plates; 
pedicellariae usually present: 25 species, 10 in the Atlantic. 

L. clathrata (Say). Aboral surface with crowded paxillae; arms 
much flattened; disc small; marginal plates narrow, 50 or more to an 
arm; size 20 to 30 cm.; New Jersey to Florida; often very common. 
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L. foliolata Grube. Similar to above, but with heavier and more 
spines on oral surface; size 30 to 50 cm.: Pacific coast from Alaska to 
Mexico, below low-water mark to 190 fathoms; often common. 

L. senegalensia (Lamarck). Similar to the above, but with 9 arms; 
size 30 to 35 cm.: Florida and the West Indies; west coast of Africa. 

Family 2. 
POBCELLANASTEREDAE. 

More or less pentagonal 
starfishes with a membranous 
aboral wall covered with paxil- 
lae, in the middle of which rises 
a tube-like epiproctal projec- 
tion; anus wanting; 2 rows of 
thin porcelain-like marginal 
plates without spines; between 
certain of these plates occur 
vertical rows of thin folds of 
the integument called cribri- 
form organs: 25 species. **«• 972— C*eno«M«ciw crispatu* (Fisher). 

Otenodiscus Miiller and Troschel. Body stellate or pentagonal; 
paxillae on the aboral body wall : 1 species. 

0. crispatus (Retzius) (Fig. 972). Size 7 to 10 cm.; form of body 
very variable, from pentagonal to stellate: circumpolar, ranging south- 
wards to California and Cape Cod, from shallow water to 1,000 fathoms; 
often common off New England ; Panama. 

Family 3. GONIASTEBIDAE. 

Flattened, usually pentagonal starfishes 
with 2 rows of very large marginal plates; 
plates in the aboral wall forming a mosaic, 
sometimes with paxillae: 40 genera. 

1. Mediastee Stimpson. Upper marginal 
plates separated by paxillae; aboral plates with 
paxillae : 6 or more species. 

M. squalls Stimp. Papulae in twos and 

threes; color in life, bright red ; size 10 to 15 cm. : 

Alaska to Lower California, in 9 to 167 fathoms. 

2. Hippasteeia Gray. Principal skeletal plates each with a central 

tubercle; marginal plates with tubercular spines: 5 species. 

H. pharygiana (Parelius) (Fig:. 973). Size 15 to 20 cm.; upper 
surface bright red in life: north of Cape Cod, in 20 fathoms or more. 




Hippatt 

(Vcrrtll) 



Fig. 973 

leria pharygiana 
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Family 4. OREASTERIDAE. 

Thick-bodied starfishes with small marginal plates, and a reticulate 
arrangement (Fig. 974 B) of aboral plates: 10 genera. 

0&EA8TZB M tiller and Troschel (Pentaceros Linck). Body very 
regularly star-shaped, with short arms and large central disc; plates 
with tubercles: 40 species, which are all littoral and subtropical or 
tropical. 

0. reticnlatns (L.) (Fig. 974). Diameter 30 to 40 cm.; body very 
thick: South Carolina and southwards, in shallow water. 




Fig. 974— Ore<wter reticulates (Tennent). A, outline of body ; B, aboral surface of arm. 

Family 5. ASTEBOPIDAE. 

Starfishes whose body is covered by a thick, smooth skin, concealing 
the underlying skeleton : 7 genera. 

De&xabte&ias Perrier. Body stellate and thick; no spines on the 
marginal or aboral plates: 1 species. 

D. imbricata (Grube). Size 15 to 20 cm. : on rocks in shallow water: 
Alaska to Monterey, California; common. 

Order 2. SPOTULOSA. 

Arms usually long and without prominent marginal plates; aboral 
body wall spiny and usually with a more or less reticular or imbricated 
skeleton; ambulacral feet with sucking discs; pedicellariae rare or absent 
and not pedunculate: 5 families. 

Key to the families of Spinulosa here described: 

o, Mouth plates small ; ambulacral groove narrow. 

6 t Aboral skeleton composed of imbricating scales 1. Astebikidak 

6, Aboral skeleton reticular 2.. Echinasteridae 

a, Mouth plates large ; ambulacral groove wide. 

b t Usually more than 5 arms 3. Solastebidak 

6 S Five arms present 4. Ptebastebidae 
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Family 1. ASTEBINIDAE. 

Starfishes whose arms are joined by interradial expansions of the 
disc, with small marginal plates and with aboral plates usually imbri- 
cated: 10 genera. 

Astkbxva Nardo. Body flattened, pentagonal or star-shaped: 32 
species, in all seas, and all littoral. 

A. folium Liitken. Aboral plates, each with 3 or 4 minute spines; 
size 5 cm.; color variable, often blue or greenish: Florida and West 
Indies; common on under side of rocks. 





Fig. 075 Fig. 076 

Fig. 075 — Asterina miniata (Fisher). Fig. 076 — Henricia sanguinolenta (Clark). 

A. miniata (Brandt) (Fig. 975). Aboral plates granular; size 6 to 
10 cm.; color variable, but commonly red or yellow: Alaska to Lower 
California; one of the commonest low-tide species. 

Family 2. ECHINA8TERIDAE. 

Starfishes with long, slender arms; feet in 2 rows; pedicellariae 
wanting; skeleton reticulate and formed of small imbricating plates: 
10 genera. 

1. Hehkxcxa Gray (Cribrella Liitken). Disc small; arms long and 
cylindrical; aboral plates form a very fine network with small meshes 
and numerous minute spines: 20 species; in northern seas. 

H. sangninolenta (O. F. Muller) (Fig. 976). Body bright red, 
purple, lavender, or yellow above and yellowish below; diameter 7 to 10 
cm.: common from Greenland to Long Island Sound, ranging as far 
south as Cape Hatteras, from low- water mark to 200 fathoms; Pacific 
coast; Europe; Asia. 

2. EOHIHA8TSB Muller and Troschel. Arms long and cylindrical; 
meshes of aboral skeletal network rather large, with coarse, scattered 
spines: 20 species; littoral. 
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E. spinulosus Verrill. Disc rather small; color dark violet; size 10 
cm.: common on the Florida coast, ranging north to Cape Hatteras or 
perhaps New Jersey. 

Family 3. SOLASTEBIDAE. 

Arms long and slender and often more than 5 in number; aboral 
plates reticular, and bearing paxillae; 2 rows of feet and no pedicel- 
lariae: 6 genera, mainly in shallow water in temperate seas. 

Solastsb Forbes. Rays 7 to 14; aboral plates form a fine network 
with small meshes: 12 species. 

8. endeca (L.). Purple sun-star (Fig. 977). Arms 7 to 13, usually 
9 to 11 in number, with 2 rows of marginal plates; color reddish-purple 





Pig. 977 Fig. 978 

Fig. 977 — 8olaater endeca (Clark). Fig. 978 — Solaatcr papposu* (Fisher). 

above ; size 20 to 35 cm. : common from Cape Cod northwards, from low- 
water mark to 150 fathoms; Pacific coast; Europe. 

S. papposus (L.). Common sun-star (Fig. 978). Arms 8 to 14, 
usually 10 or 11, with 1 row of marginal plates; color red or variegated; 
aboral network with larger meshes than in S. endeca: Cape Cod north- 
wards, being common north of Casco Bay; Pacific coast; Europe. 

Family 4. PTERASTERIDAE. 

Starfishes with a large disc and short, thick arms; aboral surface 
covered with a skin which passes over the spines, enclosing a brood 
chamber ; 2 or 4 rows of feet and no pedicellariae : 10 genera. 

Pterasteb Miiller and Troschel. Aboral skin with a large central 
opening into the broad chamber, provided with valves; oral surface also 
covered with a similar skin : 28 species. 
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P. militate (0. F. Miiller) (Fig. 979). Arms short and thick; disc 
thick and arched ; under side flat ; diameter 9 cm. : circumpolar, south to 
Cape Cod and Washington, in 10 to 350 fathoms; 
Europe. 

Order 3. FOEOTPULATA. 

Pedicellariae pedunculate, with either crossed &**^&M m^ 
or straight jaws; spines conspicuous; aboral skele- 
ton reticular: 7 families. 

Key to the families of Forcipulata here de- Ptenu&lliUtarU 

scribed: (Leunls). 

a, Arms not sharply set off from the central disc. 

6 t Aboral skeletal plates almost contiguous 1. Stichasteridae 

ft, Aboral skeletal plates from a reticulum 2. Asteriidak 

o, Arms sharply set off from central disc 3. Bribingidae 



Family 1. STICHASTEBIDAE. 

Starfishes with long, slender arms; aboral plates large and in longi- 
tudinal rows ; 4 rows of feet : 4 or 5 genera. 

Stiohasteh Miiller and Troschel. Numerous spines on each side 
of the ambulacra! grooves: 10 species. 

A. albulus (Stimpson). Diameter of disc 2 to 3 cm.; 6 cylindrical 
rays, usually in 2 groups, 3 long and 3 short ones: Cape Hatteras (deep 
water), to the Arctic Ocean, low-water mark to 200 fathoms; often 
common. 

Family 2. ASTEBIIDAE. 

Starfishes with usually a small disc and 5 to 12 or more arms; 
aboral plates with a reticulate arrangement and bearing spines; pedicel- 
lariae with straight and crossed jaws; 4 rows of feet: about 10 genera. 

Astebias L.* Usually 5 arms present; 1 or more rows of movable 
spines on each side of the ambulacral groove; pedicellariae with crossed 
jaws around the base of the spines and with straight jaws among the 
papulae: numerous species; in shallow water in most seas, being com- 
monest in temperate zones, and especially abundant and reaching very 
large size on the North Pacific coast of America. 

A. forbesi (Desor) (A. arenicola Stimpson; Asteracanthion bery- 
linus A. Agassiz). Common star (Fig. 980). Rays stout and tending to be 
blunt and cylindrical ; spines rather few and coarse ; madreporite bright 
orange; color very variable, being oftenest greenish-black; diameter 16 

• See "Natural History of the Starfish/' by A. D. Mead, Bull. U. S. Fish. Com. 
for 1899, p. 203, 1900. 
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cm. and more : common from Cape Cod southwards, less common or rare 
northwards to Maine, from the shore to 30 fathoms. 

A. vulgaris Verrill (Asteracantkion pallidas A. Ag). Purple star 
(Fig. 981). Rays flattened and tending to be pointed; spines numerous, 
tending to form a noticeable median longitudinal row on the aboral sur- 





Flg.980 
Pig. 980— Asteriaa forbeei (Clark). 



Fig. 981 
Fig. 981— Asterios vulgaris (Clark). 



face of each arm; madreporite pale yellow; color very variable, but gen- 
erally some shade of purple ; diameter 15 to 40 cm. : common from eastern 
end of Long Island northwards, from the shore to 300 fathoms, ranging in 
deep water as far south as Cape Hat- 
teras. 

A. littoralis (Stimp.). Body thick, with 
very broad rays ; color olive green ; diameter 
4 to 5 cm.; 2 rows of ambulacral spines: 
Casco Bay to Cumberland Gulf, in shallow 
water, often very common on fucus. 

A. tenera Stimp. (Fig. 982). Arms cyl- 
indrical, slender, and tapering; skeleton 
firm, with numerous spines; madreporite 
small and nearly white; color varying from 
purplish-pink to nearly white; diameter 5 
to 8 cm. : from Nova Scotia to New Jersey, 
in 10 to 85 fathoms, often common. 

A. ochracea Brandt. Aboral plates very extensively developed, with 
only small holes between them; a prominent median ridge present on 
each arm; body very large and heavy, 60 to 70 cm. across, with arms 
6 to 8 cm. in vertical diameter at base; color violet: one of the com- 
monest starfishes on the Pacific coast, ranging from Alaska to San 
Diego. 




Fig. 982 — Asterias tenera 
(Clark). 
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Family 7. BBISINGIDAE. 

Disc small and circular ; arms 8 to 18 in number, long and round and 
set off from the disc like those of brittle-stars ; feet in 2 rows ; numerous 
pedicellariae : 6 genera, all of the species of which live in the deep sea. 

Odzxza Perrier. Disc with papulae on the upper surface ; arms very 
fragile: 6 to 8 species. 

O. americana (Verrill). Rays 20 in number, about 35 cm. long; 
color bright orange-red: New England coast, in 175 to 400 fathoms; rare. 

Class 3. OPHIUROIDEA.* 

Brittle-stars. The brittle-stars resemble the starfish in form, but 
the five rays are greatly elongated and form slender, cylindrical arms, 
which are sharply set off from the central disc and possess no ambulacral 
groove. Two rows of ambulacral appendages project from their oral 
surface into the water, but these lack terminal suckers and hence are not 
locomotory organs: the animal progresses by the snake-like movements 
of its arms. As in the starfish, the oral sur- 
face, with the mouth in its middle, is di- 
rected downwards, and the main body axis 
is very short. The mouth is a complex star- 
shaped opening bounded by characteristic 
skeletal pieces (Fig. 983) ; an anus is not 
present. The madreporite (3) is in the 
oral wall in an interradius. At the base of 
each arm is a pair of slits (1) which open 
into a pair of pouches called the genital 

bursae ; in Ophioderma each slit is in two Fig, 983— Oral surface of the 
. m , ... . , disc and the base of the arms 

parts. These organs are possibly respiratory <coe>. i, genital bursa; 2, 

« .. , , ,, . , « mouth; 3, madreporite; 4, 

in iunction ana are also tne receptacles 01 arm spine ; 5, buccal plate ; 6, 
the genital products. Jaw : 7 ' oral paplllae - 

The external surface is not ciliated; pedicellariae are not present; 
spines usually project from the sides of the arms, and spines, scales, or 
granules are present on the disc. No special sense organs are present. 
In most species the number of arms is five, but there are six normally 
in some, and in others, seven or eight. In most of the Astrophytidae 
they are more or less branched. 

Internal Structure.— The calcareous skeleton is usually well devel- 
oped. The upper wall of the disc is flexible and contains a large num- 

• See "Report on the Ophluroidea," by T. Lyman, Challenger Reports, Vol. 5, 1876. 
"Ophluroidea," by H. Ludwig and O. Hamann, Bronn's Tierreicb, Vol. 2, 1901. "The 
Ophlurana of the San Diego Region," by J. P. McClendon, U. of CaL Pub., Vol. 6, 1909. 
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ber of small plates or scales, from which spines may project; a pair of 
these called the radial shields, which are at the base of each arm, are 
usually conspicuous. The plates surrounding the mouth form a complex 
system (Fig. 983), the largest ones being the five buccal plates in the 
interradii, one of which being also the madreporite. The five interradial 
projections, which determine the form of the star-shaped mouth, are 
called the jaws, and are composed each of a number of plates, from 
which the teeth, tooth papillae, and oral papillae project into the mouth. 
The arm contains typically four rows of superficial plates, an oral, an 
aboral, and two lateral rows, and these surround an axial row, which 
occupies almost the entire interior space of the arm; these plates are 
joined together by muscle and connective tissue strands. The paired 
ambulacral appendages pass between the ventral and the abutting lateral 
plates in each arm. The axial plates originate as paired structures, 
which unite more or less completely in the middle line. In a few forms 
the arms are without definite superficial calcareous plates. The lateral 
plates of the arms usually bear spines. 

The mouth leads through a short cBSophagus to the sac-like stomach 
which fills the disc. No liver sacs, rectum, or anus are present. The 
ambulacral canals are intra-skeletal and consist of ring and radial 
canals, the branch canals going to the ambulacral appendages, and the 
stone canal going to the madreporite. Each radial canal ends in a ter- 
minal tentacle; no ampullae are present. The ambulacral appendages 
are not locomotory, but tactile, respiratory, and excretory organs, 
and are called tentacles. The bursae take in and expel water, and prob- 
ably aid in respiration and excretion. The entire nervous system is 
intra-skeletal. 

TJie sexes are separate, with rare exceptions. The reproductive 
organs consist of a large number of gonads in the interradial areas of 
the disc, which open into the ten bursae. These pouches, which are 
invaginations of the body wall, receive the genital products and extrude 
them into the sea water; in Amphiura squamata and some other forms 
they retain them while development goes on, so that in these cases the 
young are born in the form of the adult. The gonads are all joined with 
the axial organ in a manner similar to that in starfish. The axial organ, 
which adjoins the stone canal, and is itself enclosed by the axial sinus, 
sends a strand to the aboral side of the body cavity, which there forms a 
ring. From this ring branches go to each group of gonads. The axial 
sinus accompanies the ring and its branches and finally surrounds each 
of the gonads. The larval brittle-star is called a pluteus. Brittle-stars 
have great regenerative powers; a lost arm is replaced, and in many 
cases the same is true of the upper surface of the disc, which may be 
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periodically shed; in a number of forms asexual reproduction by division 
of the disc occurs. 

Distribution and Habits.— The Ophiuroidea form the most numerous 
class of echinoderms. They live on the sea bottom or among seaweed 
and coral colonies, feeding on small animals or organic matter of all 
sorts, and moving about by means of the long arms. 

History.— The brittle-stars were included by the earlier zoologists 
among the starfishes, Linnaeus having placed them in the genus Asterias. 
In 1816 Lamarck erected two new genera, Ophiura and Euryale, to include 
all the brittle-stars, but it was not until 1840 that Miiller and Troschel 
published the first extended classification of them. In 1841 Forbes first 
made the group a separate class of the Echinodermata. The devel- 
opment of the pluteus larva was first described by J. Miiller. The modem 
arrangement of the class is largely due to T. Lyman and F. J. Bell. 

The class contains more than 1,100 species, which may be grouped 
in two orders. 

Key to the orders of Ophiuroidea: 

a^ Arms unbranched and mostly with distinct and regular plates, and 

usually without the power of rolling in towards the mouth. .1. Ophiukae 

a, Arms with superficial plates poorly defined or wanting, often branched, 

and with the power of rolling in towards the mouth 2. Eubyalae 

Order 1. OPHIUBAE. 

Brittle-stars with usually 5 unbranched arms which possess distinct 
articulating axial plates and cannot (except some of the Ophiomyxi- 
dae) be rolled towards the mouth : 7 families. 

Key to the families of Ophiurae here described: 

a, Arms with distinct and regular superficial plates. 
6, Lateral spines on the arms .small and close to the surface. 

c x Disc granulated more or less closely 1. Ophiodkbmatidae 

c, Disc covered with scales or plates 2. Ophiolkpidiae 

6, Lateral spines stand out from the surface of the arm. 
c x Oral papillae present 
dx No cluster of tooth papillae at apex of each jaw. 

e x Arm spines solid, often small and few 3. Ahphiubidae 

e, Arm spines hollow, often long and numerous 4. Ophiacanthidae 

rf, A cluster of tooth papillae at apex of each jaw 5. Ophiocomidae 

c, No oral papillae present 6. Ophiotrichidae 

a, Arms and disc without regular and distinct superficial plates, soft and 

flexible 7. Ophiomyxidab 

Family 1. OPHIODERMATIDAE. 

Oral papillae present, fringing the month; disc more or less closely 
covered with granules; plates of arm regular and distinct, the lateral 
plates bearing spines which lie close to the surface : 10 to 12 genera. 
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Fig. 084 — Ophioderma 
brevUpina (Clark). 



Ophiodzbxa Miiller and Troschel. Disc granular, with 4 bursal 
slits in each interradius; brachial spines short and smooth: 18 species; 
littoral, tropical, and mainly West Indian. 

O. breviapina (Say) (0. olivacea Ayres) (Fig. 984). Disc pentag- 
onal, 10 to 15 mm. in diameter; length of arm 40 to 60 mm; color green 

or brownish: Cape Cod southwards, from 
the shore to 120 fathoms; common towards 
the south. 

Family 2. OPHIOLEPIDIDAE. 

Oral papillae present; disc covered by 
scales or plates; arm plates regular, the lat- 
eral plates bearing small, closely lying 
spines: 25 genera. 

Ophttoa Lamarck. Disc with scales 
or plates; indentation of disc at the base of 
each arm usually fringed with minute spines 
called the arm comb ; 2 bursal slits in each interradius : over 100 species ; 
cosmopolitan. 

O. sarsi Liitken. Disc with several large scales surrounded by small 
ones; arm comb made up of slender spinelets; 2 scales to each tentacle 
on middle of ray; diameter of disc 15 to 25 mm.; length of arm 50 to 100 
mm.; color olive or brown: Casco Bay and northwards, in 10 fathoms 
and more; often very abundant; Europe; North Pacific. 

0. robusta (Ayres). Diameter of disc 10 mm.; length of arm about 
30 mm.; disc covered with small scales; 1 scale to each tentacle; color 
reddish: Cape Cod and northwards, from the 
shore to 150 fathoms; Europe. 

Family 3. AMPHIUBIDAE. 

Oral papillae present, fringing the mouth; 
plates regular and distinct, the lateral arm 
plates bearing small, solid spines, which stand 
out from the surface of the arm: about 25 
genera. 

1, Ophzofholxs Miiller and Troschel. Arm spines rather stout and 
conspicuous; each upper arm plate surrounded by a series of small 
plates; aboral surface of disc covered with scales bearing granules or 
small spines: 5 species. 

0. aculeata (L.). Daisy brittle-star (Fig. 983 and 985). Upper 
arm plates transversely oval; disc spines usually wanting in Atlantic 
coast specimens; color extremely variable; diameter of disc 2 cm.; length 




Fig. 985— Ophiopholi* 
aculeata (Clark). 
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of arm 7.5 to 12 cm.: Long Island Sound northwards, from low-water 
line to great depths; common towards the north; Europe. 

2. Amfhifolxb Ljungman. Disc small, without spines but covered 
with scales; arms slender; outer oral papillae very wide, equal to both 
the inner ones: 20 species; cosmopolitan. 

A. Minamata (Delle Chiaje). Six oral papillae in each corner of 
mouth, the outer two very wide; 2 scales to each tentacle; color gray or 
yellowish; radial shields whitish; diameter of disc 2 to 4 mm.; length 
of arm 20 to 39 mm.; viviparous: Long Island Sound northwards, from 
low-water mark to 60 fathoms; Europe. 

Family 4. OPHIACANTHIDAB. 

Aboral surface of disc with granules or spinelets, which more or less 
conceal the scales; oral papillae present; plates of arm regular and 
distinct, the lateral plates bearing hollow spines which stand out from 
the surface: 20 genera. 

Ophiaoavtha Miiller and Troschel. Disc with small spines or 
granules ; oral papillae long, 7 to 16 being in each corner of the mouth : 
about 100 species; cosmopolitan. 

O. bidentata (Retzius). Diameter of disc 8 to 15 mm.; length of 
arm 40 to 50 mm.: Casco Bay and northwards, in 10 fathoms and more; 
Europe; Bering Sea. 

Family 5. OPHIOTRICHIDAE. 

Plates on upper side of the arms small ; no oral papillae present, but 
a prominent group of tooth papillae at apex of each jaw ; brachial spines 
stand out from the surface of the arm : 15 genera. 

Ophiothbiz Miiller and Troschel. Surface of the disc covered with 
small spines and granules; radial plates large and triangular; 1 scale to 
each tentacle: 100 species. 

0. angulata (Say). With a longitudinal stripe on upper side of 
arm; disc 8 to 12 mm. across; length of arms 5 cm.; color very variable) 
purplish or greenish : Chesapeake Bay and southwards. 

Family 6. OPHIOMYXIDAE. 

Arms and disc without distinct and regular plates and covered with 
a soft skin, so that the arms can be rolled in towards the mouth; oral 
papillae present: 8 genera. 

Ophzoxtxa Miiller and Troschel. Disc and arms covered with a 
skin; arm spines short and but little imbedded in the skin: 12 to 15 
species. 

0. flaccida (Say). Diameter of disc 15 to 25 mm.; color olive or 
yellowish, sometimes very dark : Florida and West Indies. 
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Order 2. SUBTALAR* 

Brittle-stars in which the arms are often branched and can be rolled 

in towards the mouth; axial plates of the arms double, the other plates 

rudimentary or wanting, and the surface of the body covered by a soft 

skin: 3 families. 

Family ASTROPHYTTDAE. 

Girdles of minute hooks on the arms, at least near the tips; teeth 
and the mouth and teeth papillae spiniform and indistinguishable from 
one another: about 20 genera. 

Gorgohooefhalto Leach. Disc circular or pentagonal, with radial 
shields on the aboral surface; each arm branches at its base, and from 
11 to 15 times in addition: 8 species. 

G. agasgizi (Stimpson). Basket-fish (Fig. 986). Disc 4 to 8 cm 
in diameter; length of arm 14 to 28 cm.: from Nantucket northwards, 
from extreme low-water mark to 800 fathoms; common towards the 
north. 

Class 4. ECHINOIDEA.t 

Sea-urchins. Echinoderms (Fig. 965), in which the five radii are 
not elongated so as to form arms but are approximately of the same 
length as the interradii, and the main body axis is short, so that the body 
is subglobular in form or disc-shaped. The calcareous plates are exten- 
sively developed and, except in the Echinothuriidae, fit closely together, 
forming a case, the "test" (Fig. 987), which encloses a spacious body 
cavity. The oral surface, with the mouth usually in its center, is more 
flattened than the aboral, and is directed downwards; on it the animal 
moves about. Surrounding the mouth is a circular, flexible area called 
the peristome (Fig. 966, B, 3), and projecting from the mouth in most 
sea-urchins are five calcareous teeth (Fig. 988). At the edge of the 
peristome are, in most species, five pairs of branched outgrowths called 
the gills (Fig. 966, B, 13). In the middle of the aboral surface is either 
the anus surrounded by a system of plates called the periproct (Fig. 987) 
or the madreporite (Fig. 990), the anus in the latter case being in an 
interradiu8 at or near the edge of the test. 

The arabulacral pores, through which the ambulacral appendages 
extend from body cavity to the outside, are, with rare exceptions, present 
only in the radii, four rows of pores appearing in each radius. In eer- 

* See "Ueber Japanische and andere Enryalae," by L. DGderlein, Abh. 5, K. 
Bayer, Akad. Wias., Math. Pbys., Kl. 2, Supp. 

t See "A Revision of the Echini," by A. Agassis, 111. Cat Mas. Comp. ZooL, No. 7, 
1872-1874. "Hawaiian and Other Pacific Echini/' by A. Agassis and H. L. Clark, 
Mem. Mus. Comp. ZooL, Vol. 34, 1907. "Comp. Morphology of the Echini/' by R. T. 
Jackson, Mem. Host Soc Nat Hist. 1911. "The Genera of Recent Clypeastrolds/ v 
by H. L. Clark, Ann. Am. Mag. Nat. Hist, Ser. 8, Vol. 7, 1911. 



Digitized by 



Google 



ECHINOIDEA 



639 



tain families the aboral ambulacral pores form a characteristic five-armed 
figure which somewhat resembles the petals of flower and is called the 
petaloid area (Fig. 990,4). Inasmuch as the anus has shifted its posi- 
tion in these families to an interradius at the edge or on the oral side of 
the body, the latter can easily be divided by a longitudinal plane into a 
right and left half; in most spatangoids the mouth has also shifted its 
position towards the forward end, thus increasing the bilateral 
symmetry. 

Sea-urchins are covered with spines which are movable and articu- 
late with small tubercles by ball-and-socket joints. In some forms the 

I 
% 





Fig. 086 Fig. 987 

Fig. 986 — Goroonoccphalu* auansisi (Clark). Fig. 987— Test of Arbacia — aboral 
aspect (Coe). 1, radius; 2, interradius; 3, mad report tc ; 4, genital plate; 5, anus; 
6, spine tubercle. 

spines are very long, and in some their tips are poisonous. A ciliated 
epithelium covers all parts of the body, except the large spines of certain 
forms. Stalked pedicellariae with usually three jaws occur between the 
spines and on the peristome, the movements of which are controlled by 
striated muscles. Sph®ridia, minute, spherical bodies which are modified 
spines, occur in most cases on the oral surface; they are probably static 
organs. 

Ambulacral appendages exist in three different forms: (1) loco- 
motory feet with sucking discs, which are of very general occurrence; 
(2) ten large oral feet which surround the mouth on the peristome and 
may be organs of taste or smell; and (3) tactile or branchial appendages, 
without sucking discs, which characterize the petaloid area. 

Internal Structure.— The calcareous plates in the body wall, which 
form the test, fall into three groups, the peristomal, the coronal, and the 
apical. The corona forms the greater part of the test. It is composed 
of twenty rows of polygonal plates (Fig. 987), which, in most sea- 
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urchins, fit immovably together and extend from the peristome on the 
oral side to the apical plates on the aboral side of the body. Two of 
these rows are situated in each radius (1) and two in each interradius 
(2), the radial plates, as we have just seen, being pierced by the 
ambulacral pores. The plates of the corona bear the tubercles (6) on 
which the spines articulate. 

The peristome is sometimes without plates and entirely membranous; 
in some forms small irregular plates are imbedded in it; in some it con- 
tains rows of plates which are continuous with those of the corona. 
The apical plates occupy the center of the aboral surface. In the regu- 
lar sea-urchins (Fig. 987) they consist of the anal plates which surround 
the anus (5) and form the periproct, the five genital plates (4) at the 
aboral ends of the five interradii, in each of which is a genital pore, and 
five radial plates at the aboral ends of the five radii. Each of the latter 
is pierced by a pore through which the terminal end of the radial canal 
projects; inasmuch as it is pigmented, it was formerly supposed to be 
an eye, and the plate is generally called the ocular plate. In the regular 
sea-urchins one of the genital plates is the madreporite (3). In the 
other sea-urchins the anal plates are not in the apical system and the 
arrangement of the other plates is changed, the madreporite being 
usually in the center of the group (Fig. 990,3). 

The ambulacral system consists of a ring canal (Fig. 966, B, 4) 
around the oesophagus and five radial canals (7) which pass along the 
radii on the inner surface of the shell to the radial plates, through which 
they project. The branches going to the feet possess each an ampulla. 
The stone canal (5) passes from the ring canal to the madreporite and 
is surrounded by the axial sinus with its axial organ. 

The alimentary canal consists of a wide tube (6) which, beginning 
at the mouth, winds completely around the inner wall of the body cavity, 
then, turning on itself, winds around again in the opposite direction and 
ends at the anus. An accessory gut branches off from the intestine near 
the mouth and, running along parallel with it, joins it near its middle. 
In most sea-urchins a complicated dentary apparatus (12), sometimes 
called the lantern of Aristotle, surrounds the oesophagus. It is com- 
posed of ^ve groups of calcareous plates bound together by muscles, and 
from it five calcareous teeth project through the mouth to the outside. 

Respiration and excretion are performed by the entire surface of 
the body, and especially by the ambulacral appendages, the peristomal 
gills, and perhaps the accessory intestine. The superficial oral nervous 
system is intra-skeletal, lying along the ambulacral vessels. Special 
sense organs are poorly developed. Sphaeridia are almost universally 
present. In some genera pigment eyes are distributed over the body. 
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The sexes are separate. The gonads are usually five in number and 
lie in the upper part of the body cavity, opening to the outside through 
the genital pores. Each is joined by a cord with an apical ring which, 
as in the starfish, is connected with the axial organ. The genital products 
are thrown into the sea water; the larva is similar in form to that 
of the Ophiuraidea, and is also called a pluteus. 

Distribution and Habits.— Sea-urchins occur in all seas, being most 
numerous in the neighborhood of the coast, although many deep-sea forms 
occur. They move slowly about by means of the ambulacral feet and the 
spines, and live on small forms of life and organic remains of all kinds; 
many species pass large quantities of sand and mud through the intestine. 
Some sea-urchins hollow out excavations in rocks, in which they live. 
Certain species, in France and Italy and other countries, are used for 
food, the genital organs being eaten; over 100,000 dozen sea-urchins are 
yearly brought into the fish markets of Marseilles. 

History. —Aristotle was acquainted with several species of sea-urchins 
and the name Echinus originated with him. He was also acquainted with 
certain features of their anatomy, and mentions the similarity in appear- 
ance of the dentary apparatus to a lantern. The first attempt in more 
recent times to classify them was made by Klein (1734). The knowledge 
of sea-urchins did not, however, increase rapidly until the following cen- 
tury. In 1816 appeared Tiedmann's important works on their anatomy, 
and in the fourth and fifth decades of the century the foundations of the 
modern classification were laid by Desor and Louis Agassis, while the 
metamorphosis was studied by J. Miiller. In modern times A. Agassis, 
H. L. Clark and R. T. Jackson have done the most to extend the knowl- 
edge of the group, especially of the American forms. 

Modern Echinoidea contain 4 orders, with about 500 species. More 
than 2,000 fossil species are known. 

Key to the orders of Echinoidea: 

«! Without peristomal gills; peristome with plates; mouth central; anus 

apical 1. CiDABOlOA 

o, With peristomal gills. 
o x Dentary apparatus present; mouth central. 

c» Anus apical 2. Centbeohinoida 

Of Anus in posterior interradius; test depressed or discoidal. 

3. Cltfeastboida 
6, Dentary apparatus wanting ; anus not apical 4. Spatanooida 

Order 1. OIDAKOIDA. 

Sea-urchins which have no peristomal gills; ambulacral areas nar- 
row and inter-ambulacral areas broad, and both continued on the peri- 
stome to the mouth; spines large and long: 1 family, with about 60 
species, mostly in the warmer seas. 
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Family CIDABIDAE. 

With the characters of the order: 10 to 12 genera. 

Eucidabib Pomel. Oral and aboral surfaces flattened; test thick; 
interambulacral areas 3 times as broad as the ambulacral; primary 
spines usually shorter than the diameter of the test, stout, fluted, and 
granulated; between these are smaller spinas: 3 species. 

£. tribuloides (Lamarck). Diameter 4 to 7 cm.; color of primary 
spines grayish, broad and flat: South Carolina to Brazil; common; from 
shore to 116 fathoms. 

Order 2. OENTREOHINOIDA. 

Sea-urchins with peristomal gills and sphaeridia; mouth central, with 

jaws; anus apical: 10 or 11 families. 

Key to the families of Centrechinoida here described : 

Ox Test more or less flexible 1. Echinothubiidas 

o, Test rigid. 

b t Large spines hollow 2. Cehtbechtnidas 

b 9 Spines solid. 

ex Periproct with but few, usually 4, plates 3. Abbachdas 

c, Periproct with many plates. 

d x Ambulacral plates with 3 pairs of pores 4. Echhiidak 

d % More than 3 pairs of pores 5. Stbonotlocbiitboiidax 

Family 1. ECHINOTHUBIIDAE. 

Test flexible, the plates being movable and overlapping one an- 
other; peristome with ambulacral plates and feet, but without interam- 
bulacral plates: 6 genera. 

Phobmoboka Wyville Thompson. Difference between oral and 
aboral sides marked; primary spines on the oral side encased in a thick 
membrane: 4 species. 

P. sigsbei (A. Agassiz). Diameter 6 to 8 cm.; spines small, reddish- 
orange in color: West Indies, in deep water. 

Family 2. CENTRECHINIDAE. 

Sea-urchins with peristomal gills; ambulacral areas narrow; inter- 
ambulacral areas large; spines long and hollow; the tubercles to which 
they are attached with a central perforation; aboral ambulacral feet 
without suckers: 9 genera; mostly in the Pacific and Indian Oceans; 20 
to 25 species. 

OsHTREOHnnrB Jackson {Diadema Gray). Test circular in outline, 
somewhat flattened, about twice as wide as high; colors very dark; blue 
eye spots often present on the genital plates and elsewhere: 6 species. 



Digitized by 



Google 



ECHINOIDEA 643 

C. antillarum (Philippi) (Diadema setosum Gray). Spines black, 
very slender and long, and poisonous; diameter 8 to 10 cm.: Florida 
and West Indies; very common in shallow water among rocks and corals. 

Family 3. ABBACIIDAE. 

Sea-urchins with a circular outline and with peristomal gills; spines 
solid and rather large; ambulacral areas narrow; aboral ambulacral feet 
without suckers : 7 genera and 18 species. 

Asbacia Gray. Subglobular or pyramidal sea-urchins; interrays 
naked at the aboral end: 5 or 6 species. 

A. punctulata (Lamarck) (Fig. 988). Color reddish-brown; diame- 
ter 3 to 5 cm. ; height 15 to 25 mm. ; length of spines 20 to 25 mm. : Cape 
Cod, southwards to Yucatan, from low- 
water mark to 120 fathoms; common. 

Family 4. ECHINIDAE. 

Sea-urchins with a circular outline, 

with peristomal gills and a single pair 

of ambulacral plates at the base of each 

ray in the peristome; each ambulacral 

plate with 3 pairs of pores; periproct 

composed of numerous plates: 9 genera 

and more than 50 species. Fig. 988 — Arbacia punctulata — 

., T . A . , m oral aspect (Coe). 

1. IiYTECHINTJB A. AgaSSlZ (Toxop- 

neustes Agassiz). Spines short; tubercles all of about the same size and 
in several rows; peristome large: 8 species. 

L. variegatus (Lamarck). Diameter 5 to 8 cm.; height 3 to 4.5 cm.; 
color green, often with more or less purple; spines rather short and 
slender: North Carolina to Brazil, from low- water mark to 30 fathoms. 

2. Tbifhzttstes Agassiz (Hipponoe Gray). Large sea-urchins with 
a thin shell and numerous small tubercles on which are small spines: 
3 species. 

T. esculentus (Leske). Test 10 to 15 cm. in diameter, semi-globular; 
color white: South Atlantic coast and West Indies; used for food by the 
West Indian negroes. 

Family 5. STBONGYLOCENTBOTIDAE. 

Sea-urchins with a circular outline; 4 to 11 pairs of pores in each 
ambulacral plate: 8 genera and about 30 species. 

Stronoylooentrottjs Brandt. Spines slender and fluted ; tubercles 
not all of the same size, arranged in numerous series and often crowded : 
about a dozen species. 
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8. drbbachienais (O. F. Miiller). Green urchin. Diameter 4 to 8 
cm. ; length of spines 8 to 15 mm. ; color green : New Jersey northwards, 
very common north of Cape Cod; from shore to 650 fathoms; Europe; 
Asia; Pacific coast. 

Order 3. 0LYPEA8TR0IDA. 

Sea-urchins in which bilateral symmetry of outer form has been 
secondarily acquired; anus in posterior interradius at margin of test or 
on oral surface; test more or less depressed or discoidal; mouth central, 
with a dentary apparatus: 6 families. 

Family 1. GLYPEASTRIDAE. 

Bilaterally symmetrical sea-urchins with a thick shell covered with 
short spines; in the center of the aboral surface is the 
madreporite, from which radiate the five petaloid ambu- 
lacra! areas: 2 genera and 20 species. 

Oltpeabteb Lamarck. Shell more or less five- 
sided, each petaloid area being wide and well marked; 
each pair of ambulacral pores in the petals joined by a 
cTvveosUr groove; 5 genital pores: about 20 species. 

"{lXSE}** 0# nbde P re8ro8 Grav ( Fi s- 989 )- SheU thick and 

quite flat; color in life yellowish-green or purplish; 

length 12 cm. ; width 8 cm. : from the shore to 40 fathoms ; North Caro- 
lina to Brazil. 

Family 2. SCUTELLIDAE. 

Shell very flat, more or less circular, and covered with minute 
spines; in the center of the aboral surface is the madreporite, from 
which radiate the five well-marked petaloid areas: 8 genera and about 
20 species. 

1. EoHnrAEAOHHimi Leske. Shell a circular disc; each petal wide 
and with open ends; 4 genital pores: 5 species. 

E. parma (Lamarck). Sand dollar (Fig. 990). Diameter 7 cm. 
or less, the shell being slightly broader than long: Long Island Sound 
northwards, from low-water mark to 800 fathoms; Pacific coast; 
common. 

2. Meixita Agassiz. Test a circular disc pierced by 5 or 6 elon- 
gated holes; each petal with closed ends; ambulacral grooves on the 
oral side much branched; anus between the mouth and the interradial 
hole in the shell: 4 species. 
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M. guinquieaperforata (Leske). Keyhole urchin (Fig. 991). Five 
holes present, 1 interradial and 1 distal to each lateral petal; diameter 
of test 8 to 12 cm.: Vineyard Sound southwards, in shallow water; rare 
north of Cape Hatteras. 

3. Ehoopb Agassiz. Test heavy, flat underneath, somewhat arched 
above, elliptical, truncated behind and with 5 marginal notches or elon- 
gated holes; hinder interradial area also with an elongated hole: 6 
species, littoral; tropical America. 





Fig. 990 



Fig. 991 



Fig. 



990 — Echinarachnius parma, spines removed (Coe). 1, radius; 2, lnterradlua; 
3 t madreporlte ; 4, petaloid. Fig. 991 — Mellita quinquiesperforata (Clark.) 



£. michelini Ag. Margin of test indented opposite the end of the 
petals (at least the lateral ones), these indentations rarely if ever closed 
at distal ends so as to form holes; length and width 14 cm. or less: 
Florida and Gulf coast. 

Order 4. 8PATANGOIDA. 

Body secondarily bilaterally symmetrical; mouth near the forward 
end of the body and without a dentary apparatus; anus at or near the 
hinder margin of the body; aboral ambulacral areas petaloid, the for- 
ward, median area usually differing somewhat from the other four, 
which are paired, in appearance: about 36 genera and more than 150 
species grouped in 9 families; tropical and subtropical. 

Family 8PATANGIDAE. 

Body more or less heart-shaped; petals well marked: numerous 
genera and species. 

MontA Michelin. Body ovate; apical area behind the middle; am- 
bulacral grooves deep and slit-like ; mouth far in advance of the middle : 
3 species. 

M. atropos (Lamarck). Length 5 cm.: North Carolina, southwards; 
common in shallow water. 
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Class 5. HOLOTHUBIODDEA.* 

Sea encumbers. Holothurians. Echinoderms in which the main body 
axis is very long (Fig. 965, D) so that the form is often quite worm-like. 
The oral surface is not directed towards the ground, as in most echino- 
derms, but the animal rests on the side of the cylindrical body, with the body 
axis parallel with the ground, the oral surface forming the anterior and 
the aboral surface with the anus the posterior end. This arrangement may 
be sometimes disturbed, however, and in Rhopalodina lag eni for mis of the 
west African coast the mouth and anus are side by side on the upper 
surface. The side on which the holothurian rests and which is thus its 
ventral side is often flattened and consists of three radii and two inter- 
radii, the remaining two radii and three interradii forming the dorsal 
surface. 

The calcareous plates are mostly minute and the body wall thus 
lacks the rigidity of other echinoderms. The external surface is not cili- 
ated and is without spines or pedicellariae. The ambulacral appendages 
exist in a variety of forms: around the mouth are ten or more long, 
branched, oral tentacles; ambulacral feet may occur on all sides of the 
body, or only on the ventral side of it, and ambulacral tentacles without 
suckers (papillae) may occur on the dorsal side. The oral tentacles are 
alone present in several groups. The ambulacral feet and papillae may 
occur in rows in the radii or may be scattered irregularly over both radii 
and interradii 

Internal Structure.— The alimentary canal is a long tube which runs 
from the mouth at the forward end of the body to the anus at the hinder 
end, generally turning on itself twice. The hinder portion is enlarged and 
from it in several families long tubular sacs extend into the body cavity. 
These are of two kinds, which are called the respiratory tree and Cuvier's 
organs, respectively. The former are a pair of extensively branched 
organs in and out of which water is pumped through the anus; they are 
consequently respiratory in function. The latter are unbranched, glan- 
dular tubes connected with the terminal portion of the respiratory tree 
and are found only in certain species. They are exceedingly extensile 
and sticky and can be thrust out through the anus and be used to entangle 
an enemy, having thus a defensive function. The body wall is well pro- 
vided with muscles, powerful longitudinal muscles running along the 
radii and transverse muscles being in the interradii. 

The ambulacral system consists of a ring canal, well within the body 
cavity around the oesophagus with one or more Polian vesicles, five radial 

• "Holothurians of the Challenger," by H. Theel, 1886. "Holothnrlana," In 
Bronn's Tierreich, by H. Ludwlg, 1689-92. "Holothurloldea," by H. L. Clark, 1901. 
Amer. Nat, VoL 35, pp. 479-496. "The Apodoue HolotbnriaM," by H. L. Clark, 1906. 
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canals which pass along the inner surface of the radii between or ex- 
ternal to the longitudinal muscles, the ambulacral appendages, and the 
stone canal. The ambulacral feet are provided with ampullae. Ten- 
tacular canals branch off from the radial canals and pass to the tentacles, 
which may also have ampullae. The stone canal in most holothurians 
does not extend to the body wall but ends free in the body cavity, receiv- 
ing through the madreporite the body fluid. In some deep-sea forms and 
rarely in synaptids it reaches the body wall; in many holothurians more 
than one canal is present. The superficial nervous system consists of a 
nerve ring around the mouth and radial nerves which proceed along the 
radial ambulacral canals. Special sense organs are better developed than 
any other class of echinoderms and pigment eyes, otocysts, olfactory cups, 
and taste papillae are all known. The tentacles also are important tactile 
organs. The respiratory and excretory functions are performed by the 
respiratory trees and the ambulacral appendages. 

The reproductive organs consist of a single, branched gonad which 
opens to the outside on the dorsal surface either within, the ring of oral 
tentacles or back of it; this gonad is probably homologous to the axial 
organ of other echinoderms. The sexes are usually separate, but certain 
hermaphrodites occur. The larval form is called the auricularia. In a 
number of species the young are hatched in the body cavity, where they 
undergo development, ultimately emerging through a rupture of the 
body wall. Several species carry the eggs and young in brood pouches. 
Like all echinoderms, holothurians have great regenerative powers; 
individuals which have voided the viscera may live and regenerate the 
lost parts, and some species have been observed to break themselves 
in two by transverse division, each half developing into a complete 
animal. 

Distribution and Habits.— Holothurians occur in most seas. They 
are found at all depths, some species moving over the bottom swallowing 
sand or mud and catching minute organisms, some living among rocks, 
corals, or seaweeds, while others bury themselves in the sand or mud. 
They are used for food extensively in the Far East, the trepang of 
the Chinese being the dried bodies of Holothuria marmorata and other 
species. 

History.— The name Holothuria originated with Aristotle although 
much doubt exists as to what animals he applied it. Rondelet, however, 
and other medieval authors gave it to undoubted holothurians. The first 
anatomical discriptions of holothurians were given by Bohadsch (1761) 
and Pallas (1766). Linnaeus in 1758 gave the name to the Portuguese 
man-of-war (Phy solid), and by a strict interpretation of the law of 
priority it should still be given to this genus. 0. F. Miiller, however, 
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in 1776 described a considerable number of species, all of which he in- 
cluded in the genus Holothuria, as did other authors of his time. Cuvier 
in 1817 also placed all the known species in this genus, which he first 
put in the class Echinodermata, the relationship of holothurians to star- 
fish and sea-urchins not having been generally recognized before his time. 
Goldfuss (1820), following Oken, divided the group into several genera, 
but Jager (1833) again united all in the single genus Holothuria. He, 
however, subdivided it into three subgenera and these into tribes, and his 
whole arrangement may be considered the foundation of the modern 
classification. Of great importance in more recent times have been 
Semper's work on the holothurians of the Philippines (1867) and the 
anatomical and systematic studies of Selenka and Ludwig. 

The class contains two orders and six or eight families, with over 
500 species. 

Key to the orders of Holothurioidea: 

Ot Ambulacral feet present, or if wanting, respiratory tree present. 

1. Actinopoda 
c. Ambulacral feet and respiratory tree both absent 2. Paracitnofoda 

Order L AOTDTOPODA. 

This order includes the majority of sea cucumbers and all those in 
which the oral tentacles spring from the radial canals alone; ambulacral 
feet are present except in the Molpadiidae: 7 families. 

Key to the families of Actinopoda here described : 

«* Ambulacral feet present 

ft, Oral tentacles branched only at tip 1. Holothurhdak 

b M Oral tentacles much branched 2. Ctjcumeriidab 

c. Ambulacral feet absent 8. Molpadiidae 

Family 1. HOLOTHUBJLIDAE. 

Holothurians usually elongated and more or less cylindrical in shape, 
which have 18 to 30 (usually 20) oral tentacles, the branches of each of 
which form a frilled and expanded end; tentacular ampullae present; 
genital pore outside the ring of tentacles; respiratory tree well developed: 
6 to 8 genera and about 200 species, which are found principally in the 
tropics, especially in the Indian and Pacific Oceans; about 13 species are 
used by the Chinese for food, and enter into the commerce of the East 
under the name of trepang. 

Holothtoia L. Twenty oral tentacles (occasionally more); am- 
bulacral appendages scattered over the entire body; calcareous bodies 
in body wall numerous and very diverse in form: over 100 species, at 
least 4 of which occur on the Florida coast. 
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H. floridana* Pourtales (H. mexicana Ludwig). Body elongated, 
cylindrical, 20 to 40 cm. long; color brown or yellowish, often reddish 
below; ambulacral appendages with suckers on the under surface and 
with or without them on the upper: Florida and West Indies. 

Family 2. CUCUMEBIIDAE. 

Holothurians with 10 to 20 branched oral tentacles; ambulacral 
feet and respiratory tree present; genital pore often inside the ring 
of tentacles: 12 genera and over 200 species. 

Key to the genera of Cucumeriidae here described: 

Og Lower surface of body not flattened, the distribution of its ambulacral 
appendages not different from that of the upper surface. 

6, Feet in rows and mostly confined to the radii 1. Cucumaua 

b t Feet scattered thickly over the entire surface 2. Thyonb 

a t Lower surface flattened to form a distinct creeping sole; 10 tentacles; 

no feet on the upper surface 8. Psolus 

1. ChromcAMA Blainville. Body usually thick, with 10 tentacles 
and with feet in rows in the radii, a few feet often being also scattered 
over the interradii, at least dorsally: 73 species. 




Fig. 992 Fig. 993 

Fig. 992— Cucumaria frondow (Clark). Fig. 993— TAyone briarmu (Clark). 

0. frondosa (Gunnerus) (Fig. 992). Length 20 to 30 cm.; thick- 
ness 10 cm.; color reddish or brown, much darker above than below; a 
few ambulacral appendages on the interradii: Nantucket and north- 
wards from low-water mark to 200 fathoms; abundant on the Maine 
coast; Europe. 

0. pulcherrima (Avers). Length 5 cm.; thickness 2 cm.; body 
ovate; color whitish; no feet on the interradii: Vineyard Sound to 
South Carolina, in shallow water. 

2. Tstove Oken. Body ovate or elongate, with 10 tentacles and 
with feet scattered thickly over the entire surface: 39 species. 

T. rubra Clark. Red above, whitish below; 20 mm. long; viviparous: 
California, 

T. briareus (Lesueur) (Fig. 993). Length 12 cm.; thickness 3 cm.; 

color dull brown, or black: Vineyard Sound and southwards, in mud 

in shallow water; locally common. 

• See "The Deyelopment of Holotburla floridana," t*y C. L. Edwards, Jour. 
IferplL, VoL 20, p. 211, 1909. 
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8. Psolub Oken. Lower surface of body forms a creeping sole on 
which are the feet in rows; 10 oral tentacles; upper surface arched, 
without feet, and usually with large calcareous scales: 13 species. 

P. phantapus (Strussenfeldt). Body thick, with 3 rows of feet; 
anal region caudiform; color brownish, reddish, or yellowish; length 
15 cm.: Cape Cod and northwards, from low water to 150 fathoms; 
Europe. 

P. fabric!! (Diiben and Koren). Body wide, with 2 rows of feet, 
one row on each edge of the creeping sole; color of upper side bright 
red, the under side lighter; length 10 to 13 cm.: Cape Cod and north- 
wards, in shallow water; Alaska; Europe; Asia. 

Family 3. MOLPADIIDAE. 

Body elongated, cylindrical and without ambulacral feet; 15 ten- 
tacles usually present, which are either cylindrical or have minute 

branches ; tentacular 
canals spring from 
the radial canals and 
usually have ampul- 
lae: 8 genera and 
about 50 species. 

Oaudzva Stimp- 
son. Body tapers pos- 
teriorly into a more 
or less evident tail: 8 
species. 

C.arenata (Gould) 
(Fig. 994). Tentacles 
short, each with 4 
branches at the tip; 
color pink or pur- 
plish ; length 10 to 17 
Newport, Rhode Island, to the 
Gulf of St. Lawrence, from low water to 18 fathoms; locally common. 

Order 2. PARACTINOPODA. 

Holothurians without ambulacral feet, with 10 to 25 feathered, 
digitate or simple tentacles, whose tentacular canals spring from the 
ring canal, and with 1 to 50 Polian vessels; ampullae, radial canals, 
respiratory tree, and Cuvier's organs wanting; mostly hermaphroditic: 
1 family. 





Fig. 994 — Caudina are* at a. 

A, a dissection of the animal; 

B, anterior end (Gerouid). 1, 
tentacles ; 2, ring canal ; 3, 

onad ; 4, ampulla of tentacle ; 

, respiratory tree; 6, Intestine; 
7. mouth : 8, genital papilla ; 9, 
cloaca ; 10, blood vessels. 



cm., about a third of which is "tail* 
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Family 8YNAPTIDAK 

Characters as given above: 21 genera and nearly 100 species. 

Key to the genera of Synaptidae here described: 

Og Calcareous bodies are anchors and plates 1. Leptostnapta 

«, Calcareous bodies are wheels 2. Chiridota 

1. Leptostnapta Verrill. Body long, worm-like, and semi-trans- 
parent; 10 to 13 pinnate tentacles present; 1 stone canal and Polian 
vessel; calcareous bodies in form of anchors with serrate arms accom- 
panied by perforated plates : 9 species. 

L. inharena (O. F. Miiller) (Fig. 995). Tentacles 12, each of which 
has 5 to 7 pairs of side branches; color whitish; length 10 to 30 cm.; 
thickness 5 to 10 mm.: Maine to South Carolina; common in the sand 
from the shore to 100 fathoms; Pacific coast; 
Europe. 

L. roseola Verr. Tentacles 12, each of 
which has 2 or 3 pairs of side branches; color 
rosy red; length 10 cm. or less: Cape Cod to 
Long Island Sound, under stones and occasion- 
ally in the sand, near low-water mark, not so 
common as the preceding; Bermuda. 

2. Ohzbzdota Eschscholtz. Tentacles 12, 
each with a short stalk which widens distally 
and bears 3 to 10 pairs of side branches; cal- 
careous bodies in form of wheels usually with 6 
spokes: 12 to 15 species. 

0. l»vis (Fabricius). Papillae containing 
the wheels in rows of 20 to 30 in each dorsal 
interambulacral area and 3 to 12 in each ventral area; color pink to 
translucent white; length 10 to 15 cm.: Cape Cod and.northwards, from 
low-water mark to 45 fathoms, also in deeper water; locally abundant; 
Europe; Pacific 




Fig. 995 

Leptosynapta inherent 

(from Bronn). 
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CHORDATA. 

Animals possessing the following structural features: (1) a noto- 
chord, a cylindrical rod lying along the mid-dorsal line of the digestive 
tube, from the dorsal wall of which it has arisen, and ventral to the 
central nervous system; (2) a pharyngeal respiratory apparatus consist- 
ing of paired gill slits in the wall of the pharynx, which place that struc- 
ture in communication with the exterior; and (3) a tubular, dorsal central 
nervous system. In the air-breathing chordates, the notochord and the 
gill slits are present only in the embryo, and in the adult are replaced by 
the spinal column and the lungs. 

The phylum contains about 37,000 species, of which over 35,000 are 
vertebrates, grouped in 4 subphyla. 

History.— This phylum was formed in 1874 by Haeckel as a result 
of the epoch-making studies of Kowalevsky of Balanoglossus, ascidians, 
and Amphioxus in the preceding decade. 

Key to the subphyla of Chordata: 
Oj Body (in the American species) long and worm-like. 
a, Body not worm-like. *• Entebopneusta (Hemiehordata) 

bt Body more or less sac-shaped 2. Tunicata ( Urochordata) 

ft, Body lanceolate 3. Leptocardia (Cephaloehordata) 

6, Vertebrates (not included in this book) 4. Vebtkbbata 

Subphylum 1. ENTEBOPNEUSTA.* (Hemichobdata.) 

Chordata in which the notochord consists of a hollow, dorsal projec- 
tion of the anterior portion of the digestive tract (Fig. 996,13). The 
body is unsegmented and soft in texture, and is composed of three por- 
tions, the preoral lobe or proboscis (1), the collar (2), and the trunk (3). 
The subphylum is composed of two orders, the Balanoglossida and the 
Cephalodiscida, the latter order containing a very few species of marine 
and largely deep-sea animals which are not found near our coasts. 

• See "Let* Procordes," by Delage et Heronard, Trait* de ZooL Coner, Vol. 8, 
1898. "The Development of Balanoglossus," by W. Bateson, Quart Jonr. Mic Set. 
Vols. 24-20, 1884-1886. "Growth and Development of Balanoglossns," by T. H. 
Morgan, Jonr. Morph., Vol. 5, p. 407, 1891. "Die Bnteropneusten dea Golfea too 
Neapel," etc., by J. W. Spengel, Fauna and Flora, etc., 1893. "Die Benennung d. 
Enteropneustengattungen," by same, Zool. Jahrb., System. Ab., VoL 16, p. 219, 1901. 
"Hemlchordata," Camb. Nat Hist, 1904. 
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History.— This group was first formed by Gegenbaur in 1870, who 
placed it among the worms. When, however, the fundamental researches 
of Kowalevsky became known and their significance appreciated the 
relationship of the group to the Tunicata and Amphioxus was universally 
recognized, and in 1884 it was brought under the Chordata by Bateson, 
who at the same time proposed the name Hemichorda for it. 

Obdsb BALANOGLOSSIDA. 

Elongated, worm-like Enteropneusta, which are often common on sand 
flats. The proboscis is a cylindrical or ovoid structure joined with the collar 
by a narrow neck. It contains a portion of the coelom which opens to the 
outside by a dorsal pore (5), or in some cases by two; the collar also 
contains two similar cavities, each with its pore. The trunk has an 
extensive coelom in the form of 
a pair of elongated cavities be- 
tween which lies the digestive 
trac( (9), supported by a dor- 
sal and a ventral longitudinal 

mesentery. This tract is straight Fig. 996 — Diagram of a longitudinal sec- 

, „ „ ,, tlon of BalanogloBsna (Shipley and Mac- 

and extends from the mouth at Bride). l t proboscis; 2, collar; 3, trunk; 

A% . . , « ., „ 4, heart; o, proboscis pore; 6, nervous 

the anterior end of the collar system; 7, dorsal blood vessel; 8, bran- 

..,,., , chial region of intestinal tract ; 9, pharyn- 

to the anus at the hinder end geal region; 10, gill slits; 11, ventral 

- ., . - - .. . blood vessel; 12, mouth; 13, notochord. 

of the body: from its anterior 

end a dorsal finger-shaped diverticulum (13), which represents the 
notochord, extends forwards into the proboscis. The entire anterior 
portion of the intestinal tract is placed in direct communication with 
the exterior by a series of paired gill slits (10), back of which in certain 
genera is a series of paired liver sacs which show conspicuously on the 
outer surface of the body. A dorsal (7) and a ventral (11) blood ves- 
sel accompanies the intestine, the former of which passes above the 
notochord and ends in a sinus (4) situated in the collar and proboscis. 
The nervous system is mostly sub-epithelial and diffuse. Mid-dorsally in 
the collar and mid-ventrally in the trunk, however, are definite Aggrega- 
tions of nerve cells and fibers which are joined by a ring nerve just 
behind the collar. The portion of the dorsal strand (6) in the collar is 
tubular in shape and distinct from the outer epithelium and arises as a 
neural canal, like the central nervous system of vertebrates: in certain 
genera it is still joined with the outer epithelium by a series of median 
nerves called nerve roots. 

The sexes are separate, the gonads appearing as paired pouches along 
the branchial region and back of it, each pouch opening to the outside 
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by a separate pore. The sexes often differ from each other in color. 
The development is a metamorphosis, the characteristic larva, which is 
called the tornaria, resembling the larvae of the echinoderms in form 
and structure. This larva is not present, however, in Balanoglossus 
aurantiacus, one of the most familiar American forms. 

The American Balanoglossida live mostly in shallow water, in the 
sand and mud, in which they burrow with aid of the proboscis. The 
animals leave a coiled mass of sand held together by mucous on the 
surf ace of the sand, which indicates the presence of the burrow ; they also 
give out a disagreeable odor. They were first described by Eschscholtz in 
1825, who put them in the genus Ptychodera, while Delle Chiaje in 1829 
gave them the generic name Balanoglosstu, which has been the familiar 
name of the animals ever since. About 25 species are known, which are 
grouped in 4 families. 

Key to the American families of Balcmoglossida: 

Ot Liver sacs present 1. Ptychoiotdab 

a, Liver sacs absent 2. Habkhcakiidae 

Family 1. PTYCHODEBIDAK 

Paired liver sacs present behind the gill slits; chitinons rods sup- 
porting the gill arches joined by connecting bars (synapticula) ; central 
nervous system with nerve roots: 3 genera. 

1. Pttokodeba Eschscholtz. Gill openings to outside are long 
slits; a pair of longitudinal dorsal wing-like lobes (genital wings) 
present in the genital region: 10 species. 

P. biminiensis Willey. Body large and finger-thick; proboscis 
short: Bahamas. 

2. Balavoglossus Delle Chiaje. Gill openings to outside are small 
pores; proboscis short, with paired pores; medial gonads present: 5 
species. 

B. aurantiacna (Girard) (B. brooksii Bateson). Length 15 cm. or 
more, sometimes a meter; color bright purplish or greenish: North and 
South Carolina. 

B. jamaicenaia Willey. Body large, with transverse red bands: 
Jamaica. 

Family 2. HARRIMAN1TDAE. 

Liver sacs, synapticula, and nerve roots absent: 2 genera. 
1. Doliohoolobsvs Spengel. Proboscis long and with but one pore; 
medial gonads absent: 5 species. 
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D. kowalevakyi* (A. Agassiz) (Fig. 997). Length 15 cm. or more; 
color of proboscis pinkish-yellow; collar same color but darker; body 
orange yellow: Massachusetts Bay to Beaufort, N. C; often common 
on clean sand flats. 

D. pusillus Bitter. Length 20 cm. or more; color orange: southern 
California. 

2. Ha&bxxahia Bitter. Proboscis short, with 2 
pores: 1 species. 

H. maculosa Bit. Length 10 cm.; proboscis 13 
mm., collar 4 mm., abdomen 89 mm. long; color dark 
grayish-green; proboscis mottled: southern Califor- 
nia; often common. 

Subphylum 2. TUNICATA.t 
(Ubochordata.) 

Degenerate Chordata in most of j&*'W$& ^9 Fig. 997— Doiicho- 
wbich the body of the adult is more ^j* - ^ [sM^eJ°!Sd W M^ 
or less cylindrical or globular in |L/ S^fi* i&tiSF*"" 

shape and is encased in a character- 
istic cuticular covering called the tunic (Fig. 998, 7). This tunic is 
secreted by the underlying epidermal cells, but in most tunicates differs 
from a typical cuticula in that it is composed largely of cellulose and 
contains also mesenchyme cells, which have migrated into it, and also 
blood spaces. Immediately beneath the tunic is a second very definite 
structure called the mantle (11), which is a firm, composite tissue made 
up of connective tissue fibers and enclosing muscles and blood vessels. 
Very characteristic are the large pharynx, or branchial sac, and the 
endostyle. The former (8) is the anterior portion of the digestive tract 
and occupies the greater portion of the body. The mouth leads into it, 
and through the openings in its walls the respiratory water streams 
either directly to the outside, as in the Larvacea, or, as in the other 
tunicates, into the large cloacal or peribronchial space (Fig. 999,10), 
which communicates with the outside through the cloacal aperture. The 
endostyle (6) is a glandular, ciliated groove which lies in the mid-ventral 

* See 'The History of Balanoglossns and Tornaria," by A. Agassiz, Mem. Amer. 
Acad. Arts and Set, Vol. 9, p. 421, 1873. 

t See "Description of Some Imperfectly Known and New Ascadians from New 
England," by A. B. Verrill, Am. Jonr. Sci. and Arts, 3rd ser., Vol. 1, 1871. "The 
Invert of Vineyard Sound," Rep. of U. 8. Fish. Com., 1873. "A Revised Class, of 
Tunicata," by W. A. Herd man, Jonr. Linn. Soc. Zool., Vol. 23, p. 558, 1891. 
"Tunicata," by O. Seeliger and R. Hartmayer, Bronn's Klass. n. Ord. des Thierr., 
1895-1911. "The Pelagic Tunicata of the San Diego Region, excepting the Larvacea," 
by W. E. Ritter, U. of Cal. Pub. Zool., Vol. 2, p. 51, 1905. "The Pelagic Tunicata," by 
W. E. Ritter and E. 8. Byxbee, Mem. Mas. Comp. Zool., Vol. 26, 1905. 
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Fig. 908 — Diagram of a simple 
ascidlan (Boas). 1, mouth • 2, cloa- 
cal opening ; 3, subneural gland 



line of the pharynx, the secretions of which serve to entangle the minute 
organisms which form the food of the animals, and the action of whose 
cilia carries these forward to the ciliated peripharyngeal band (Fig. 
998,5) which surrounds the anterior end of the pharynx. This band 
passes the food dorsally to the dorsal lamina (9), a ciliated band in the 

mid-doreal line, along which it is car- 
ried to the opening of the OBSoph&gns 
at the inner end of the pharynx. The 
short oesophagus joins the pharynx 
with the stomach (15), from which the 
intestine passes to the anal opening 
into the cloacal space. 

The heart (12) is ventral in posi- 
tion and lies in a pericardial space, 
which alone represents the only part 
of the coelom in the adult. The eon- 
tractions of the heart change their 
direction regularly, passing first for a 
time from one end of the heart to the 
other and then after a moment of rest 
in the opposite direction, a peculiarity 
which occurs only in tunicates. The 
blood circulates mainly in spaces in the 
mantle and the tunic and in the walls 
of the branchial sac. The nervous sys- 
tem consists, first, of a simple dorsal ganglion (4) which lies in the 
mantle near the mouth, and, second, of nerves which radiate from it 
Simple eyes and tactile organs are present in many species. Tunicates 
are mostly hermaphroditic, the gonads being 
either single or paired and the genital ducts 
opening into the cloacal chamber. Asexual 
reproduction is very general, and in many 
species may lead to the formation of colo- 
nies. The adult structure of the Larvacea 
as well as the embryonic and larval structure 
of the A8cidiacea present many points of 
resemblance to Amphioxus and the lower 
vertebrates, indicating a relationship between 
these animals and tunicates. This resem- 
blance consists in the main in the presence of 
a tubular, dorsal central nervous system, a notochord, a ventral heart, 
and the pharyngeal respiration. 



principal ganglion : 5, peribranciiiai 
ridge; 6, endoetyle: 7, tunic; 8, 
pbarynz ; 9, dorsal lamina ; 10, 
peribronchial space; 11, mantle; 
12, heart; 13, anus; 14, intes- 
tine ; 15, stomach ; 16, testis ; 17, 
ovary. 




Fig. 999 — Diagram of a 
cross section of an asddiaa 
Explanations as la 



(Boas). 
Fig. 998. 
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History.— Ascidians have been known since the time of Aristotle, 
but it was not until the first years of the last century that Cuvier, Savigny, 
and Lamarck first accurately described them. The name Tumcata was 
introduced by the latter author in 1816. Sdlpa was first described by 
Forskal in 1775, and in 1819 its interesting life history was first made 
known by the German poet Chamisso. Steenstrup in 1842 more fully 
described this and first called it an alternation of generations. It was 
in 1826 that Milne-Edwards discovered and correctly interpreted the 
ascidian tadpole, while Kowalevsky in 1866 and 1871 published his cele- 
brated memoirs giving the complete embryology of the animals and dem- 
onstrating the common relationship of tunicates and vertebrates. Up to 
that time the tunicates were almost universally classified with mollusks. 
Milne-Edwards had, however, in 1841 placed them in the Molluscoidea, 
a phylum he created to contain them and the Bryozoa. 

Tunicates are all marine animals, the ascidians being sessile and the 
others pelagic. The number of species is about 1,300, which are grouped 
in 3 classes. 

Key to the classes of Tunicata: 

o, Pelagic animals. 
hi Animals minute and with a 

long tail 1. Labvacea 

6, Animals not minute, and more 
or less cylindrical or flat- 
tened 2. Thauaoea 

a, Sessile (except the Pyroaomi- 
doe), sac-shaped animals.. 
3. Ascidiacea 



Glass 1. LABVAOEA.* 

The appendicularians (Fig. 
1,000). Minute, transparent, 
free-swimming tunicates in which 
the body consists of a trunk (2) 
and a long tail (10), having es- 
sentially the same organization 
a* the larval ascidian. The trunk 
contains the large pharynx and 
the viscera. The tail is a solid 
structure, the axis of which is 
structure is the principal nerve 
muscle band. The tail is twisted 




Fig. 1.000 — Diagram of an appendfcu* 
larlan (Oikopleura) (Delage et Herouard). 

I, mouth ; 2, trunk ; 3. pharynx ; 4, anna ; 
5, stigmata; 6, heart; 7, stomach: 8, 
ovary ; 9, testis ; 10, basal portion of tail ; 

II, notochord; 12, principal nerve; 18, 
endostyle. 

the notochord (11) ; dorsal to this 
(12) and on each side of it a broad 
90°, so that its dorsal side lies at the 



• "fetudes snr les Appendicnlaires dn dttroit de Mesaine," by H. Fol, Mm. Soc 
Fay*. Hist. nat. t Gtneve, Vol. 21, 1872. 
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left and its ventral side at the right. The mouth (1) is at the forward 
end and opens into the pharynx (3), from which the two ventro-lateral 
stigmata (5) open directly to the outside hack of the anus, there being 
no peribronchial cavity and no cloacal pore. Most species are her- 
maphroditic, the gonads lying in the hinder part 
of the trunk. The tunic or "house" is a trans- 
parent envelope of large size, being sometimes 
many times the size of the body, which is secreted 
by certain large ectoderm cells called oikoplasts. 
Within this tunic (Fig. 1,001) the animal can move 
about freely : it is shed periodically and often, and 

.. ***£• . 1 » 001 r~^t p€ ?" contains no cellulose, 
dicularlans in their 

Hi 0108 ^) 061 ? 6 *)!** 1 ^ ne fcPPGfldicularians are found in all seas, 

pleura oophoccrca; B, being usually more numerous at a distance from 
Appendicular^ aUmla, & J 

the continents. Most species live near the surface, 

but a few have been obtained at considerable depths. 

The class contains 2 families and more than 40 species. 

Key to the families of Larvacea: 

Oj Endostyle present 1. Appehdicttlamidae 

o, Endostyle absent 2. Kowalevskiidak 

Family 1. APPENDICULARIIDAE. 

Pharynx with endostyle, from the forward end of which peripharyn- 
geal ridges run dorsally and posteriorly and unite near the oesophageal 
opening; heart present: 8 genera and over 30 species. 

Key to the genera of Appendiculariidae here described: 

Cj Trunk short and more or less oval. 

6, Tail about twice as long as trunk 1. Appbndiculabia 

6, Tail several times as long as trunk 2. Oikopleuba 

c, Trunk very long 3. Fritellabia 

1. Afpevdiottlasia Fol. Trunk short, compressed anteriorly; tail 2 or 
3 times as long as broad and twice as long as the trunk ; endostyle straight 
or slightly curved; intestine turned to the right and bent round the very 
large vesicular rectum; anus on the right; ovary round, surrounded by 
the horseshoe-shaped testis : 1 certain and several uncertain species. 

A. sicnla Fol. (Fig. 1,001, B) . Mediterranean Sea and Atlantic Ocean. 
A. longicauda Vogt. Long Island Sound to Massachusetts Bay. 

2. Oixopletoa Mertens (Fig. 1,000). Trunk oval; tail from 2 to 
6 times as long as broad and from 2 to 4 times as long as the trunk; 
digestive tract very large, with a curved oesophagus and a bilobed stom- 
ach; gonads very large; testis usually paired and one on each side of 
the median ovary: 14 species. 
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O. flabellum Huxley (0. huxleyi Ritter). Length up to 12 mm.! of 
which 10 mm, is tail: Pacific and Atlantic Oceans. 

O. cophocerca Gegenbauer (Fig. 1,001, A). Length 11 mm., of 
which 8 mm. is tail; a long double row of cells on right side of tail: 
Mediterranean Sea. 

8. Fbxtxllabia Fol. Trunk very long, usually constricted near the 
middle and with an extensive dorsal ectodermal fold which covers it 
like a cowl; tail about 1.5 times as long as the trunk and 2JS times as 




Fig. 1,002 



Fig. 1,003 



Fig. 1,002— Fritittaria furcata (Fol). Explanations as In Fig. 1,000. 
Fig. 1,003 — KowalevBkia tenuis (Fol). 

long as broad; endostyle bent; tunic absent or not well developed; 
digestive tract small, confined to the middle of the trunk; ovary spher- 
ical, testis large and saccular, in hinder part of trunk, both usually 
single: about 8 species. 

F. furcata (Vogt) (Fig. 1,002). With long posterior processes; 
tail forked at its extremity: Mediterranean Sea; North Atlantic. 

Family 2. KOWALEV8KIIDAE. 

Pharynx without endostyle and periphryngeal ridges; heart absent: 
1 genus and 2 species. 

Kowalbvuxa Fol. Trunk elongate, cylindrical; tail about 7 times 
as long as trunk and lanceolate, running to a point behind; tunic very 
thin and delicate; oesophagus very wide; ovary spherical; testes reni- 
form: 2 species. 

K. tennis Fol. (Fig. 1,003). Mediterranean Sea and Atlantic Ocean. 
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Class 2. THALIACEA. 

The salpas (Fig. 1,004). Pelagic, transparent tunicates, more or 
leas cylindrical in shape! with a large oral opening (1) at one end of 
the body and a cloacal opening (12) at the other. The body wall con- 
sists of a cellulose tunic (4) and a mantle, the latter containing a 
number of conspicuous, more or less ring-shaped muscle bands (11), by 
the contraction of which water is expelled from the cloacal opening as 
the animal moves forwards. The cavity of the body is divided by a 

respiratory parti- 
4° i( ^ tion (3) containing 

slits or stigmata 
(Doliolum) or con- 
sisting simply of a 
ciliated bar (Salpa), 
into two chambers, 
the anterior or 
pharyngeal (5) and 
the posterior or clo- 
acal (9), through 
Endostyle (6) and dorsal lamina (14) are 




1,004 — Diagram of a salpa (Cambridge Natural 
uth; 2, brain; 3, respiratory partition; 
6, endostyle ; 7, heart ; 8, nucleus ; 



Fig. , 
History). 1, moui 
4, test ; 5, pharynx. 

9, cloacal cavity ; 10, ovary ; l'l, muscle bands ; 12, cloa- 
cal opening ; 13, peripharyngeal ridge ; 14, dorsal lamina ; 
15, salpa chain. 



which the water streams. 

present. The principal viscera lie embedded in the mantle on the ventral 

aide of the body (8), forming there in many species a small, compact, 

usually highly colored mass called the nucleus. The principal ganglion 

(2) lies in the dorsal wall of the pharyngeal chamber. Immediately 

above it in Salpa is a simple eye. Beneath the ganglion is a subneural 

gland. 

The ThaUacea have what is usually called an alternation of genera- 
tions, a solitary generation alternating with an aggregated one, although 
in Salpa at least it is not strictly so. In the solitary form of Salpa a 
ventral, posterior stolon arises, on which buds appear which are destined 
to become the aggregated generation. Near the base of the stolon the 
solitary individual bears a mass of germ cells, some of which are received 
by the buds as they arise. Thus the buds, and the animals of the aggre- 
gated generation they grow into, serve merely as nurses for the embryos 
arising from these germs which have been received from the solitary 
individual. The aggregated individuals form the Salpa chain and often 
remain attached together long after they have left the parent. The class 
contains about 40 species, grouped in 2 orders. 

Key to the orders of Thaliacea: 

Ox Respiratory partition plate-like 1. Multistigicaiejl 

o, Respiratory partition rod-like 2. AsnQUAJKk 
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Order 1. MULH8TIGMATEA* 

Body barrel-shaped, with a thin tonic and with muscle bands form- 
ing complete rings; openings lobed and at opposite ends of the body; 
respiratory partition with 2 rows of stigmata; life history including 3 
types of asezually produced individuals and a fourth type arising from 
a fertilized egg: 3 genera. 

Doliolux Quoy and Gaimard. Sexual generation with 8 muscle 
bands and with 12 oral and 10 cloacal lobes; first asexual generation, 
with 9 muscle bands and 10 oral and 12 cloacal lobes. From the hinder 
end of this individual grow a dorsal protuberance and a ventral stolon; 
the buds, originating on the latter, migrate to the former, which be- 
comes long and tail-like and bears 5 rows of buds, of which the median 
row becomes detached to form the next asexual generation. The animals 
of this generation are similar to the sexual generation except that they 
have no sexual organs and have a ventral stolon which produces buds 
which become detached and grow into the sexual generation. About 13 
species are known, mostly in the warmer oceans. 

D. dsntlcnlatnm Quoy and Gaim. Sexual generation with a bent 
respiratory partition which has about 40 stigmata on each side; digestive 
canal straight; length 3 mm: Atlantic Ocean and Mediterranean Sea. 



Order 2. ASTIGMATEA-t 

Body usually somewhat flattened dorsoventrally, with terminal or 
snbterminal oral and cloacal openings; tunic thick; muscle bands do 
not form complete rings in many species; respiratory partition reduced 
to a ciliated bar which runs diagonally from the dorsal body wall to the 
oesophagus in the ventral; life history including 2 types of individuals, 
a solitary and an aggregated, which alternate with each other: 2 genera 
and about 25 species. 

Key to the genera of Astigmatea: 

a, Nucleus usually present, when absent muscle bands numerous; salpa 

chain straight 1. Salpa 

a, No nucleus present ; salpa chain often circular 2. Ctclosalpa 

1. Salpa Forskal. Digestive tube usually bent on itself and con- 
tained in the nucleus; 1 to 5 embryos formed; chain double: about 18 
species; in all the warmer seas. 

• See "Cyclomyaria et PyrosomioV by O. Neumann, Das Tierreich, 1913. 
t See "The Genus Salpa," by W. K. Brooks and M. M. Metcalf, Mem. Johns Hop. 
UnlT., Vol. 2, 1893. "Desmomyaria," by J. B. W. Ihle, Das Tierreich, 1912. 
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Fig. 1,005— 0aZpa fuHformii. 



ag- 



gregated' form ; B t solitary form (Cam- 
bridge Natural History). Explanations 



as In Pig. 1,004. 



1,005). Solitary form (S. fusifo 
Cuv.) a flattened cylinder and with 
9 muscle bands and 2 short spinose 
projections at hinder end and 4 to 8 
cm. long; aggregated form (S. run- 
cinata Chamisso) with 6 muscle 
bands, elliptical and 14 to 60 mm. 
long: cosmopolitan. 

8. (Thalia Blumenbach) demo- 
cratica Forsk. (Salpa caboti Desor) 
(Fig. 1,006). Solitary form (S. 
democratica Forsk.) ovoid, with 2 
long posterior projections and up to 
24 mm. long; aggregated form (S. 
mucronata Forsk.) ovoid, pointed be- 
hind and up to 15 mm. long; nucleus 
blue in both forms: cosmopolitan; 

often appearing in immense numbers off the coast of New England; 

the commonest species. / 

8. (Pegea Savigny) contoderata Forsk. Soli- 
tary form short and wide, pointed behind; 4 

muscles, which are confined to the back; length 4 

to 12 cm.; aggregate form (S. scutigera Cuv.) 

cylindrical, of ten reddish in color, with 4 muscles; 

length 7 to 15 cm. : cosmopolitan ; aggregate form 

often common ; solitary form very rare. 

8. (Jasis Lahille) zonaria (Pallas). Solitary 

form elongate, very firm and hard, with 5 very 

broad muscles and 1 narrower posterior muscle 

on the dorsal surface, and up to 6 cm. long; ag- 
gregate form elongate, ovoid, pointed behind, 

about 24 mm. long; very firm: in all warmer 

seas; Woods Hole; Arctic Seas. 

2. Oyolosalpa Blainville. Digestive tube 

straight or curved, running antero-posteriorly 

and not coiled up to form a nucleus; salpa chain 

often circular; in other respects like Salpa: 6 

species. 

0. affinis (Chamisso) . Aggregated form about 7 cm. long, with ventral 

hatchet-shaped organ of attachment ; apertures terminal ; solitary form 5 

to 10 cm. long, with no longitudinal muscles: Mediterranean; Atlantic 

and Pacific Oceans; often very plentiful 




_ 1,006— #afpa tfe. 
mocratica — solitary form 
(Vogtand Jnng). Expl* 
nations as In Fig. 1,004. 
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Class 3. ASGIDIAOEA* 

The ascidians. Sac-shaped, mostly sessile and either simple or com- 
pound tunicates with oral and cloacal openings usually placed near to- 
gether, each at the end of a contractile projection called the siphon (Fig. 
998). The cellulose tunic is usually thick and tough, but in some forms 
it is gelatinous or transparent, and is often rough and warty on the 
outside. Both openings can be closed by sphincter muscles and are often 
provided with a number of sensory lobes bearing in some cases pigment 
spots. The branchial sac (8) is very large and its entire wall is pierced 
by more or less regular series of slits or stigmata, giving it a lattice-like 
appearance. Its upper margin is surrounded by a circle of tentacles, 
which thus lie just back of the mouth. Endostyle (6), peribronchial 
band (5), and dorsal lamina (9) are present. On each side of the 
branchial sac is the peribronchial space, into which the respiratory water 
as well as the discharges from the genital and digestive organs are 
poured, and which communicates with the outside through the cloacal 
opening (Fig. 999,10). The oesophagus, stomach, and the short intestine 
are either at the side of or beneath the branchial sac. The anus opens 
into the peribranchial chamber near the cloaca or into the cloaca itself. 
The principal ganglion (4) is situated between the two siphons in the 
mantle and adjacent to it is the subneural gland (3), which is supposed 
to be homologous to the hypophysis of vertebrates. A duct joins this 
gland with the pharynx, the opening being at the end of a projection 
called the dorsal tubercle. A ductless kidney or scattered renal cells in 
the bend of the intestine contain uric acid crystals. 

Ascidians are hermaphroditic, the gonads lying close together. From 
the egg is hatched a long-tailed larva which has the appearance and gen*» 
eral structure of an appendicularian. This larva attaches itself to some 
fixed object by three papillae at the forward end, and a complex meta- 
morphosis proceeds, during which the tail is absorbed, the peribranchial 
chamber develops, and the body assumes the spherical or cylindrical shape 
of the adult. 

Ascidians are either simple or colonial and with the exception of the 
Pyrosomidae are all sessile, being attached usually to rocks or seaweed: 
The colonial forms arise by a process of budding from one another and 
form incrusting or erect masses on shells, seaweed, etc. Several species 
are used for food, large numbers being brought into the fish markets of 

• See "Some ABddlans from Paget Sound/' by W. B. Ritter, Ann. N. Y. Acad. Set, 
Vol. 12, p. 589, 1909. "The Ascidians of Bermuda," by W. G. Van Name, Trans. 
Conn. Acad., Vol. 11, p. 325, 1902. "Mosaic Development in Asddlan Eggs," by 
E. G. Conklln, Jour. Ex. Zool., II, p. 145, 1905. "The Simple Ascidians from the 
North Eastern Pacific," etc., by W. E. Ritter, Proc D. S. Nat Mus., Vol. 45, 
p. 427, 1918. 
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Marseilles and other Mediterranean cities. Over 1,200 species of aacidians 
are known, grouped in 2 or 3 orders. 
Key to the orders of Ascidiacea: 

a* Senile aacidians. 

a, Simple asddians, or forma loosely connected by a stolon. 

1. Abcidiae BTMPLICXa 

l t Colonial ascidiana, forming compact masses 2. Ascidiak oomfobitab 

•« Pelagic aaddians 3. Abcidias luciae 

Obdsb 1. ASOIDIAE SIMPLICES.* 

Solitary ascidians, or when colonial always loosely connected and 
with the tunics separate and distinct, and not fused together; never free- 
swimming: about 4 families and over 500 species. 

Key to the families of Ascidiae simplices: 

Oj Individuals not permanently Joined together. 
a, Body more or less spherical and often stalked. 

<H Colors dull ; surface often incrusted with sand 1. Mqlouubas 

Of Colors often bright, surface usually free from sand 2. Cynthiibas 

• t Body cylindrical, elongate and not stalked 3. AacrouDAB 

a, Individuals Joined by creeping stolons 4. Clavbuiubab 

Family 1. MOLOULIDAE. 

Body spheroidal, seldom stalked, with dull, usually gray colors and 
often incrusted with sand or mud; mouth with 6 outer lobes and with 
branched inner tentacles; cloaca with 4 lobes; intestine usually on the 
left; kidney and heart on the right side of the branchial sac; reproductive 
organs either paired or not, in latter case either on right or left side; 
animals solitary, often in sand or mud: about 14 genera and over 100 
species. 

Key to the genera of Molgulidae here described : 

a, Body not stalked. 

a, Branchial sac with longitudinal bars 1. Moloxtla 

6, No such bars, 
c, No corkscrew-shaped infundibula on branchial sac 2. Buotba 

e, Such infundibula present 3. Bostbichobbaiichus 

a, Body stalked 4. Rhizomoijoula 

1. MoLOTTLA Forbes. Siphons usually long and very contractile; 
tunic thin and more or less transparent, although often incrusted with 
sand and dirt; gonads paired and usually hermaphroditic; branchial aae 
large, with 6 or 7 longitudinal folds or bars: cosmopolitan; 50 or more 
species, some of which are not fixed, 10 American. 

• See "Simple Asddians of the Coast of New England," etc., by W. Van Name. 
PfOC Bott Soc Nat Hist, Vol. 34. 1012. 
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Key to the species of Molgula here described: 

«, Siphons contiguous at the base. 

6t Siphons not swollen at the base M. manhattensis 

6, 8iphons swollen at the base. . . . * M. pellucida 

o, 8iphons not contiguous. 

b t Siphons short M. abenata 

b, Siphons long M. papillosa 

M. manhattensis (DeKay) (Fig. 1,007). Body globose or ovoid; 
external surface corrugated, usually covered with foreign matter; 
siphons contiguous ; length 25 mm. : on rocks or eel grass, 
often in clusters, in shallow water below low tide lines; 
from North Carolina to Casco Bay; abundant. 

M. arenata Stimpson. Body globose, often com- 
pressed, covered with sand which adheres tightly; siphons 
short, not contiguous ; length 20 mm. : on sand and gravel FigTToo7 
in shallow water; in Long Island and Vineyard Sounds. manh^tiensu 

M. pellucida Verrill. Body globose, with a smooth, < VerrU1 >- 
translucent tunic to which sand does not adhere; siphons contiguous, 
long and diverging and swollen at the base ; length 25 mm. : on sand in 
shallow water from North Carolina to Massachusetts Bay. 

M. papillosa Verr. Body globose, often compressed, covered with 
sand or dirt; siphons not contiguous, long, and diverging; length 10 
mm.: on sand and gravel in 10 to 20 fathoms; from Vineyard Sound 
northwards; common towards the north. 

2. Evotea Alder and Hancock. Branchial sac without longitu- 
dinal bars; a single hermaphroditic gonad present, which is on the left 
in the bend of the intestine: 8 species; in shallow water. 

E. pilularis Verr. (Fig. 1,008). Body globose, covered with mud 

or fine sand; siphons close together, slender, and as long as the body 

,* * when extended ; diameter up to 8 nun. : in 10 to 20 fathoms 

* ** from Vineyard Sound northwards, in mud or fine sand, 

where it is locomotory; often abundant. 

3. Bostbichobbavohto Traustedt. Like Eugyra but 
with corkscrew-shaped infundibula in the meshes of the 
Fig. 1,008 branchial sac : 2 species. 

otfttSoWs B. molguloidea Metcalf. Body 3 cm. in diameter and 

not attached: Woods Hole; on muddy bottoms. 

4. Rkxzoxolotla Hitter. Body ovoid, prolonged posteriorly in a 

stalk which may be as long as or longer than the body and ends in & 

number of root-like branches; kidney and the single gonads on the left 

side: 4 species; in North Pacific and Atlantic Oceans. 

R. ritteri Hartmeyer. Body globose, wider than long, 8 mm. long 
with a stalk of same length: Baffin Bay; in shallow water. 
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Family 2. CYNTHIIDAE. 

Body always attached, spherical or elongate; with a tough leathery 
tunic which is opaque, often brightly colored, and usually not covered 
with sand; siphons short and usually four-lobed; inner tentacles either 
simple or branched; branchial sac large, with 4 or more longitudinal 
folds or bars on each side; intestine on the left side; distinct kidney 
absent, its place taken by scattered renal cells; gonads hermaphroditic: 
several hundred species. 

Key to the genera of Cynthiidae here described: 

Oj Body not stalked or with a short stalk. 

5 t Oral tentacles simple and filiform 1. Styela 

ft, Oral tentacles branched 2. Ctntbta 

c, Body with a long stalk 3. Boltenia 

1. Sttela Fleming. Body sessile; branchial sac with not more 
than 4 ridges on each side; tentacles simple and filiform: cosmopolitan; 
over 75 species. 

S. partita (Stimpson) (S. aggregata var. americana Metcalf) (Fig. 
1,009). Body somewhat flattened and attached by a broad base; surface 
^^ not sulcated, hard, wrinkled, dark brown in 

fi^Vf%?h^. color; siphons square, elevated, each aperture 

^ f y »>*yy v;; : ffiy^. marked by alternating triangles of white and 
"^-^=5==^^^™^ purple; length 25 mm.; breadth 12 mm.: Mas- 
Fig. i,<m—#tvela partita sachusetts Bay to North Carolina ; in shallow 
water; common, occurring in groups. 

2. Cynthia Savigny. Body sometimes with a short stalk ; branchial 
sac with 6 to 12 longitudinal ridges on each side; dorsal lamina a ser- 
rate or fringed membrane; tentacles branched; gonad paired: 100 
species. 

0. castaneiformis Drasche. Peduncle about as long as body but 
variable in length; body more or less globose in form and hirsute; 
orifices prominent; tentacles 50; branchial 
ridges 8 on a side; length 35 mm.: Puget 
Sound and southerly; common. 

0. carnea Vertill (Fig. 1,010). Body flat 

and disc-like, oval, and deep red in color, at- F ^> 1,01 ?^ C7| 75f? to { 
' * r * (verrlll). 

tached by a very broad base; siphons small; 

length 12 mm.: Martha's Vineyard to Labrador; in shallow water; often 

very common. 

0. pyriformi8 (Rathke). Sea peach. Body globose or elliptical, 
often attached by a narrow base; surface velvety and pink, red, or 
yellowish in color; length 75 mm. or less; width 30 mm.; siphons cylin- 
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drical, large, and prominent: Massachusetts Bay to Greenland, in clear, 
shallow water; common towards the north; Norway. 

0. superba Ritter. Body large, bright red in color, pear-shaped, 
with the broad end at the base, 15 cm. long and 6.5 cm. thick; siphons 
prominent, not contiguous: Puget Sound; rare. 

0. (Halocynthia Verr.) echinata (L.). Body globose; surface 
wrinkled, covered with fine fibers and elevated tubercles, each bearing 
a stellate cluster of about 6 yellow bristles; diameter 25 
mm.; color red: Martha's Vineyard to Greenland; in 
shallow water; common towards the north; Europe. 

3. Boltenia Savigny. Body globose or elliptical and 
attached by a long stalk which proceeds from the antero- 
ventral side of the body; orifices not terminal but lateral 
in position, each being provided with 4 lobes; oral ten- 
tacles branched; more than 8 longitudinal ridges in 
branchial sac: about a dozen species; in the colder seas. 

B. rubra Stimpson. Sea potato (Fig. 1,011). Body 
slightly compressed and tapering to the slender stem; 
color red; surface rough; length of body 4 cm., of stem 26 
cm.: Cape Cod northwards, in 2 to 14 fathoms; abundant. 



Family 3. ASCIDHDAE. 




Fig. 1,011 

Bolteniarubra 

(Gould). 



Body more or less cylindrical, with a gelatinous, 
transparent tunic; openings lobed; oral tenjtacles simple; 
branchial sac without well-developed longitudinal bars; gonads her- 
maphroditic and unpaired: species numerous; about 10 genera. 

1. Ascidia L. Body elongate; branchial sac extending to the base 
with the intestine on its left side; oral opening with 8 and cloacal 
opening with 6 lobes: numerous species. 

A. atra Lesueur (A. nigra Savigny). Body ovate, 
elongate, with abundant blue-black pigment in the tunic 
and many internal organs; length 7 cm.; diameter 
3 cm.: Bermuda; West Indies. 

2. Ozona Savigny. Body cylindrical and elongate ; 
siphons more or less extended, oral siphon with 8 and 
cloacal siphon with 6 lobes; intestine beneath the bran- 
chial sac, which does not extend to the base : 10 species. 
0. intestinalls (L.) (C. tenella Stimpson) (Fig. 1,012). Body more 
or less transparent, 10 cm. long or less and 20 mm. wide, adhering by the 
base, sometimes yellowish in color: Long Island Sound to Labrador, on 
stones, shells, etc. ; common towards the north. 




FlR. 1,012 

Oiona intestinaHa 

(Gould). 
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Family 4. CLAVELINEDAE. 

Body elongated and joined by means of creeping stolons with other 
individuals, forming thus a branched colony with a common blood 
system, or rarely embedded in a common gelatinous tunic; apertures 
simple, rarely lobed : about 8 genera and 28 species. 

1. Olavxldta Savigny. Zooids elongate, made up of 2 regions, a 
thorax and an abdomen, joined by stolons with one another; apertures 
simple: about 8 species. 

0. oblonga Herdman. Zooids club-shaped, 30 mm. long or less; 
tunic thick and transparent; branchial sac with about 15 rows of stig- 
mata; tentacles about 20 in number, short and stout: Bermuda; common. 

2. Pseophoba Lister. Body compact and not composed of 2 re- 
gions, the intestine being at the side of the branchial sac; both apertures 
six-lobed. 

P. viridia Verrill. Body small, oval, 3 mm. long, greenish or yel- 
lowish in color: Vineyard Sound; common; often covering piles, seaweed, 
or stones near low-water mark. 

Order 2. ASOIDIAE G0MP08ITAE.* 

Composite, colonial ascidians, the members of a colony being joined 
by a common tunic and often possessing a common cloaca, and arising 
from one another by a process of budding; individuals often elongate 
and consisting of 2 or 3 distinct divisions, called thorax, abdomen, and 
post-abdomen (Fig. 1,014) : about 7 families. 

Key to the families of Ascidiae compositae here described: 
Ot Body without division Into thorax and abdomen; mouth not lobed. 

1. BOTBTLLIDAK 

c, Body composed of 2 or 3 division* ; mouth with usually 6 lobes. 
5 t Colony not incrusting. 

c, Colony without common cloacal openings 2. DiSTOionAS 

c Colony with common cloacal openings 3. Polyclthidak 

6, Colony incrusting 4. Diokmnidax 

Family 1. BOTBYLUDAE. 

Colony either thin and crust-like or thick and fleshy, consisting of 
individuals in groups, each group with a common cloaca; no division 
into thorax and abdomen; branchial sac without longitudinal folds, 
usually with 3 inner longitudinal bars; male and female gonads sep- 
arate, on both sides of body: 5 genera with about 80 species. 

Key to the genera of Botryllidae here described: 

Ot Individuals in circular, star-shaped, or elliptical groups 1. Botbtllus 

a, Individuals not in regularly arranged groups 2. Botbtlloidbs 

• See "Compound Ascidians of the Coast of New England," etc, by W. Van Name, 
Proc Host Soc. Nat. Hist, VoL 34, 1910. 
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1. Botbyllto Gaertner. Colony thin and crust-like and embedded 
in a common gelatinous tunic, the individuals being in circular, stellate, 
or elliptical groups, in each of which they are arranged radially around 
a common cloacal opening; incurrent opening widely separated from 
the cloacal and near the periphery of the group; oral tentacles not 
branched and few in number: about 24 species; principally in North 
Atlantic and Mediterranean, in shallow water. 

B. schlosseri (Pallas) (B. gouldi Verrill) (Fig. 1,013). Colonies 
massed thickly together on seaweed, stones, etc., forming gelatinous, 
black or purplish incrustations sometimes 10 cm. or more in diameter, a 
colony being made up of many groups, each group consisting of from 
5 to 10 individuals and 3 to 6 mm. in diameter: Long Island Sound and 
northwards; very common; Europe. 

b.3 * +*& a ZJ 
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Fig. 1,013 — Botryllus schlosseri. A, a colony on a seaweed containing 7 groups 
of individuals (Gould) ; B, diagram of a single group of individuals ; C, diagram of 
two individuals of a group witb the common cloacal opening, the right-hand individual 
In sagittal section (Delage and Herouard). Explanations aa in Fig. 908. 

2. Bothylloides Milne-Edwards. Colony thin and crust-like, the 
individual animals lying perpendicular to the surface and usually not 
arranged in definite groups; the individuals lie along cloacal canals 
which meet and open to the outside through a common cloacal pore: 
over 2 dozen species. 

B. nigrum Herdman. Colony up to 7 cm. in diameter, very variable 
in color, usually purplish or blackish; individuals about 1.5 mm. long: 
Bermuda; in shallow water; common on stones and seaweed. 

Family 2. DISTOMIDAE. 

Colony thick, sometimes stalked, usually embedded in a common 
tunic; individuals consisting of thorax and abdomen, the viscera being 
beneath the branchial sac, which is without internal longitudinal bars 
or folds; openings each with 6 lobes: 10 genera, with about 80 species. 

Distoma Gaertner. Colony thick and fleshy, with the individuals 
often in groups; intestine very long; branchial sac short: about 20 
species. 

D. clarum Van Name. Colony jelly-like, transparent, 12 mm. in 
width and half as thick; individuals lying at all angles to surface, white 
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in color with orange intestine: Bermuda; common along the shore and 
on the reefs. 

Family 3. POLYCLINIDAE. 

Colony variable in shape but usually massive, sometimes stalked* 
and enclosed in a common tunic; individuals elongate, composed ot 3 
regions, sometimes in groups; incurrent opening' 
with 6 or 8 lobes; budding by division of the post- 
abdominal body region which contains the gonads, 
the heart in the pericardium and the epicardium, 
which is a tubular prolongation of the pharyngeal 
sac (Fig. 1,014) : about 20 genera and over 150 
species. 

AxABOUOrtnc Milne-Edwards. Colony usually 
massive, more or less gelatinous or cartilaginous 
in consistency; individuals very much elongated 
and usually in irregular groups: about 60 species, 
most of which occur in shallow water. 

A. pellucidum (Leidy). Colonies large, com- 
plex, consisting of many groups of elongate zooids, 
each group having a common cloaca! opening and 
all enclosed in a common gelatinous, translucent 
tunic; colony up to 15 cm. in diameter; separate 
zooids up to 25 mm. long; stomach bright orange 
in color: North Carolina to Vineyard Sound; very 
common in shallow water. 

A. stellatom Verrill. Colonies large, often in 

form of thick vertical plates which may be 60 cm. 

long, 15 cm. high, and 25 mm. thick, enclosed by a 

common gelatinous tunic, and called "sea pork" 

by fishermen; color pale bluish or pinkish; zooids 

arranged in stellate clusters containing from 6 to 

20 individuals each; branchial sac and intestine 

orange : very common from North Carolina to Cape 

Cod and northwards. 

A. constellatnm Verr. Colony thick, often incrusting, with a smooth 

surface, forming hemispherical crusts on piles, rocks, etc.; color orange 

or pink; zooids arranged in irregular stellate or elliptical groups: Long 

Island and Vineyard Sounds and northwards. 




Fig. 1,014 
Diagram of Amaron- 
dum (Bronn). 18, tho- 
rax ; 19, abdomen ; 20, 
postabdomen; 21, 
blood space; 22, epi- 
cardium. a prolonga- 
tion of the pharyngeal 
sac into the postabdo- 
men. Other explana- 
tions as in Fig. 998. 



Family 4. DIDEMNIDAE. 

Colony incrusting, sometimes thick and massive, and contained in a 
common tunic, in which are calcareous spicules; zooids arranged in corn- 
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plex branching systems of small size, with body composed of 2 portions; 
incurrent opening 6-lobed : 9 genera, with numerous species. 

Didexxttm Girard. Colony usually thick, opaque, often leathery; 
calcareous spicules stellate in form; zooids small, with 3 rows of stig- 
mata in the branchial sac: numerous species. 

D. orbicnlatum Van Name. Colonies thin, 25 mm. wide and 2 mm. 
thick, gray in color, with numerous spicules which tend to conceal the 
zooids: common on the underside of stones near low water in Bermuda. 

D. lutarium Van Name (Leptoclinum albidum Verrill; L. luteolum 
Verr.). Colony forms a thin incrustation up to 30 cm. in diameter, cov- 
ering stones, shells, etc., and white or pink in color, with an uneven 
surface by reason of the numerous calcareous spicules present: Long 
Island Sound to Labrador; common; in shallow water. 

Order 3. ASCIDIAE LUCIAE.* 
Animals colonial, free-swimming, and enclosed in a common tunic; 
colony cylindrical, conical or flattened in shape with one open end; 
zooids arranged in a single layer, perpendicular to the surface, the incur- 
rent openings being on the outer and the 
cloacal openings on the inner surface of 
the cylindrical colony; projecting from 
the outer surface are often long finger- 
like processes of the tunic, and at the 
forward end of the branchial sac of each 
zooid are paired phosphorescent organs; 

the colony swims with the closed end in FT*. 1,015 — Pyrosoma atlantioum 

, .. .. „ ., (Cambridge Natural History), 

advance as the result of the streaming 

of water out of the open end: 1 genus, the species of which are noted 

for their brilliant phosphorescence. 

Pyrosoma PeVon. With the characters of the order; colony 
cylindrical or flattened : 8 species, in tropical seas. 

P. atlanticum Pen (Fig. 1,015). Colony conical, 3 or 4 cm. in 
diameter, and 25 cm. or more in length, although usually much smaller; 
color greenish, pinkish, or yellowish: in the tropical Atlantic. 

Subphylum 3. LEPTOCAEDIA.* (Cephaloohobdata; 

Amphioxus.) 

Elongate, fish-shaped Chordata, in which the notochord extends the 
entire length of the body. The body is laterally compressed and pointed 

• See "Cydomyarla et Pyrosomlda," by G. Neumann, Das Tlerreich, 1913. 
t See "Amphioxus and the Ancestry of Vertebrates," by A. WUley, 1894. "A 
Revision of the Genera and Species of the Branchlostomldae," by J. W. Klrkaldy, 
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at both ends, with conspicuous muscle segments (myptomes) and a 
dorso- ventral fin at the hinder end. There is no head, the mouth, *- ' 
is surrounded by long cirri, being ventral in position, skewed a litt 
the left, and just back of the pointed snout. The anus is near the hi 
end, a little to the left of the median line. The anterior portion o e 
digestive tract forms the extensive pharynx, the walls of which are <*r- 
f orated by numerous paired gill slits. Through these, respiratory water, 
which is taken in at the mouth, streams into a peribranchial chamber, 
which communicates with the outside through a median ventral pore in 
the hinder half of the body. In the mid-dorsal as well as the mid- 
ventral line of the pharynx is a ciliated groove, the latter of which is 
homologous to the endostyle of tunicates. Back of pharynx the straight 
intestine passes to the anus, the only digestive gland being the liver, a 
long diverticulum which extends from' the intestine forwards into the 
peribranchial chamber. The notochord is a cylindrical rod which forms 
the axial skeleton of the body, through which it extends from tip to tip, 
lying just above the digestive tube. Above it lies the spinal cord, 
which possesses a central canal, the anterior end of which expands to 
form a vesicle. Metameric pigment spots, an olfactory pit at the ante- 
rior end, and bristle-tipped cells in the skin are the organs of special 
sense. 

The vascular system consists of a ventral longitudinal blood vessel 
which lies beneath the intestine and pharynx, breaking up into capil- 
laries (portal system) over the liver, a dorsal vessel over the intestine 
which is double over the pharynx, and lateral vessels connecting these 
two. The lateral branches in the wall of the pharynx become branchial 
vessels; in the hinder portion of the animal the lateral vessels break up 
into capillaries on the wall of the intestine. A heart is not present but 
the anterior portion of the ventral trunk and others of the larger vessels 
are contractile; the blood is colorless. The excretory system consists of 
numerous pairs of nephridia which lie above the upper ends of the gill 
slits and communicate with the peribranchial chamber. The sexes are 
separate, the gonads being a series of glands which lie along the side of 
the body opposite the pharynx, projecting into the peribranchial chamber, 
into which their products are discharged. 

Amphioxus was discovered in 1778 by Pallas, who, believing it to be 
a slug, gave it the name Limax lanceolatus. In 1834 Costa gave the 
animal the generic name of BranchiostomcL Two years later Yarrell, 
not knowing of Costa's work, named it Amphioxus, which has been the 

Quart Jour. Mic Bel., Vol. 37, p. 303, 1895. "Cephalochordata," Camb. Nat. Hist, 
1904. "Maldlve Cephalochordates," etc., by G, H. Parker, Ball. Mas. Comp. Zoot, 
VoL 46, p. 39, 1904, 



Digitized by 



Google 



LEPTOCABDIA 



673 





3 

■SB 






fatnjliar name of the animal ever since. Johannes Miiller (1842) recog- 
-'.ftfl its relation to vertebrates, and Kowalevsky (1867) described its 
* oijryology and elucidated its relationship to tunicates. 
>i m The Leptocardia are found in shallow bays in many places in tropical 
ria iftemperate regions, and bury themselves in an upright position in the 
fe v pd with the mouth projecting into the water. In America they are 
found as far north as Chesapeake Bay and in Europe as far as Scandi- 
navia. The class contains a single family and about a dozen species. 

Family BRANCHIOSTOMIDAE. 

With the characteristics of the class : 3 genera. 

1. B&ahchiostoma Costa (Amphioxus Yarrell). Body symmetrical; 
genital organs on both sides ; caudal fin lanceolate : 7 species. 

B. lanceolatum 
(Pallas) (Fig. 1,016). 
Length about 48 mm.; 
gonads about 26 pairs: 
Chesapeake Bay and 
southerly; Europe; 
Ceylon. 

B. caribbsBum Sun- 
devall. Length 40 
mm.; gonads about 26 
pairs; differs from B. 
lanceolatum in the slight development of the caudal fin and the short- 
ness of the postanal region: West Indies, North and South America. 

B. calif orniense Cooper. Length 70 mm.; gonads 31 pairs; cephalic 
region small : California. 

2. Asymmetbon Andrews. Body 
asymmetrical; gonads on right side 
only; ventral fin with no fin rays and 
poorly developed ; a long caudal proc- 
ess present : 7 species. 

A. lucayanum* And. Length 13 
nun; gonads 29 in number, extending from myotomes 15 to 43 inclu- 
sive; olfactory pit wanting: Bahamas; Zanzibar. 

A. macricaudatum Parker (Fig. 1,017). Length 14 mm.; number of 
gonads about 26, extending from myotomes 11 to 37 inclusive: Florida 
coast. 

• 8ee "Ad Und escribed Acranlate," etc, by B. A. Andrews, Stud. Biol. Lab., 
Johns Hop. Univ., Vol. 5, p. 213, 1893. 



B 



Fig. 



_ 1,016 — Branchio8toma lancelatum. A, ventral 
aspect; B, left side of body (Cambridge Natural His- 
tory). 1, oral cirri : 2, muscle segments; 3, dorsal 
fin ; 4, ventral pore of peribranchial chamber ; 5, anus ; 
6, gonads ; 7, ventral fin. 




Big. 1,017 — Aapmmetron lucayanum — 
left side of tall (Parker). 
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Kilboubnb, Edwin D. American army surgeon. 
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Monticelli, Francesco S. Italian zoologist and helmlnthologlst ; professor in 

Naples. 
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Nardo, Giovanni (1802-1877). Italian parasitologist 
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Washington. 
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Nicolbt, Hbrculb. French entomologist ; the middle of the last century. 
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Nuttino, Charlbs C. (1868 — ). American soologist; professor in Iowa State 
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Obrstbd, Andrbas (1816-1873). Danish botanist and naturalist; professor In 
Copenhagen. 
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Obtmann, Arnold (1863 — ). German-American zoologist; professor in Pittsburg. 

Osborn, Hbnrt L. (1867 — ). American zoologist; professor in Hamllne University. 

Obborn, Hbrbbrt (1866 — ). American entomologist; professor in Ohio State 
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lege for Women, New London, Conn. 

Oudbman8, A. C. Dutch zoologist ; director of the Zoological Gardens in the Hague. 

Owbn, Bi chard (1803-1892). English comparative anatomist and paleontologist. 

Packard, Alphbus S. (1839-1906). American zoologist and entomologist; professor 
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Paobnbtbckbr, Hbinbich (b. 1826). German soologist; professor in Heidelberg. 
Pallas, Pbtbr (1741-1811). German zoologist and naturalist who lived long in 

Russia. 
Palmbr, T. Chalklbt (1860 — ). American naturalist and manufacturer In 

Philadelphia. 
Parrott, Pbrcival J. (1874 — )• American entomologist; New York Experiment 

Station. 
Partsch, Paul (1791-1866). German conchologist. 

Pattbn, William (1861 — ). American soologist; professor in Dartmouth. 
Patton, W. Scott. English protozoologist and physician in the King Institute of 

Preventative Medicine, India. 
Paulmbibr, Frbdbric P. (1873-1906). American zoologist; State Museum, Albany, 

New York. 
Peals, Charlbs Wilson (1741-1827). American portrait painter resident In 

Philadelphia. 
Pbalb, Rbmbrandt (1778-1860). American portrait painter and naturalist resident 

in Philadelphia and Baltimore; son of Charles Wilson Peale. 
Pbarl, Raymond (1867 — ). American zoologist; Maine Agricultural Experiment 

Station. 
Pbarsb, Arthur S. (1877 — ). American zoologist; instructor in the University of 

Michigan. 
Pbckham, Elizabeth G. (1864 — ). American entomologist and arachnologist ; wife 

of George W. 
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Pbckham, Gborob W. (1845-1914). American entomologist and arachnologist ; 

teacher and librarian In Milwaukee. 
Pblsbnbbr, Paul. Belgian zoologist ; professor In Ghent. 
Pbrkins, Hbnrt F. (1877 — ). American soologlit; professor In the University of 

Vermont. 
PfcBON, Francois (1775-1810). French naturalist and soldier; went with Lesueur 

on his South Sea voyage In 1800-1804. 
Pbrribr, Kdmond (1844 — ). French zoologist; professor In Paris. 
Pbrbt, Gborob. English conchologlst ; first part of last century. 
Pbrtt, Mazmilian (1804-1884). German naturalist; professor In Berne. 
Pbtbrs, Wilhblm (1815-1888). German traveler and zoologist; professor In Berlin. 
Pbyssonnbl, Antoinb (b. 1694). French naturalist and physician In Marseilles. 
Pfbiitbr, Ludwio (1842 — ). German conchologlst and physician in Cassel. 
Philippi, Rudolf (b. 1808). German zoologist and naturalist; traveler in South 

America. 
Phipps, Constant! nb John (1746-1802). English naval officer. 
Pibrsio, Richard. German zoologist ; teacher in Annenberg. 
Pilsbrt, Hbnrt A. (1862 — ). American conchologlst; Academy of Natural Sciences, 

Philadelphia. 
Plats, Ludwio (1862 — ). German zoologist; professor in Jena. 
Flint Major, Caius (28-70). Roman writer on Natural History; killed at the 

eruption of Vesuvius which destroyed Pompeii. 
Plummbr, Gborob A. American navy surgeon. 

Pocock, Reginald I. (1868 — ). English zoologist; the Zoological Gardens, London. 
Poirier, J. French parasitologist; professor in Clermont-Ferrand. 
Poli, Guisbppb (1746-1825). Italian naturalist resident in Naples. 
Potts, Edward (1880-1912). American zoologist and mlcroscopist resident In 

Media, Pa. 
PorcHBT, Felix (1800-1872). French naturalist and physician in Rouen. 
Pourtalbs, Louis db (1823-1880). French-American zoologist who accompanied 
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Powbrs, Josbph H. (1866 — ). American zoologist; professor in the University of 

Nebraska. 
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Prbvost, Isaac (1755-1819). Swiss naturalist; professor in Montauban. 
Pricb, Marshall L. (1878 — ). American physician in Baltimore. 
Phi MB, Tbmplb. American conchologlst resident in New York City. 
Purkinjb, Johann (1787-1869). Bohemian physiologist; professor In Prague. 
Putnam, J. Duncan (1855-1881). American zoologist resident in Davenport, Iowa. 

Quatrbfaobs, Jban db (1810-1892). French zoologist; professor in Paris. 
Qubnnbrstbdt, A. Swedish zoologist and protosoologlst ; middle of the last century. 
Quot, Jban (1790-1869). French zoologist ; together with Galmard he made voyages 
to the South Sea In 1817 and 1826. 

Rackbtt, Thomas (1757-1841). English naturalist and clergyman. 

KAriNBSQUB, Constantinb (1784-1842). French- American naturalist and traveler 

resident in Lexington, Ky., and Philadelphia. 
Raillbt, Alcidb (1852 — ). French zoologist and physician; professor in Alfort. 
Rang, Albzandbr. French marine officer and zoologist. 
Ransom, Bratton H. (1879 — ). American parasitologist; chief of the zoological 

division of the Bureau of Animal Industry, Washington. 
Rathbun, Mart J. (1860 — ). American zoologist; U. S. National Museum. 
Rath bun, Richard (1852 — ). American zoologist; Smithsonian Institution. 
Rath kb, Martin (1793-1860). German zoologist; professor in Konigsberg. 
Rat, JonN (1628-1705). English naturalist and clergyman. 
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Rbtzius, Andrbas Joannbs (1742-1821). Swedish naturalist snd helmlntbologlst ; 

professor in Lund. 
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Ribhm, Johann (1739-1807). German agriculturist and naturalist. 

Bilby, Chablbs V. (1843-1895). American economic entomologist; TJ. 8. National 

Museum, Washington. 
Ribsbb, Jonathan (1869 — ). American zoologist; professor in Washburn College. 
Risso, J. A. (1777-1845). Italian naturalist; professor in Nice. 
Rittbb, William E. (1856 — ). American zoologist; professor in the University of 

California. 
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Ritolta, Sbbabtiano (1832-1893). Italian parasitologist. 
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Robdbbbb, Johann (1726-1763). German physician; professor In Gftttingen. 
Rogbrb, Chablbs G. (1875 — ). American zoologist and physiologist; professor In 

Syracuse University. 
Rondblet, Guillacmb (1507-1556). French naturalist and physician. 
ROU88BLBT, Chablbs F. English microscopist and zoologist resident in London. 
Roux, Jban. French naturalist and physician in Marseilles. 
Ruckbb, ADGU8TA (1873 — ). American zoologist; instructor in the University of 
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Rudolphi, Carl Asmund (1771-1832). Swedish zoologist and helmlntbologlst ; pro- 
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Rydbb, John A. (1852-1895). American zoologist; professor in the University of 

Pennsylvania. 
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Schabitbb, Jacob (1718-1790). German zoologist and botanist. 
Schaudinn, Fritz (1871-1906). German zoologist and protozoologlst ; docent in 

Berlin. 
Schick, Morris. American conchologist resident in Philadelphia. 
Schlcmbbrobr, Charlbs (1859 — ). French paleontologist. 

Schmbil, Otto (1860 — ). German zoologist and botanist resident in Heidelberg. 
Schmidt, Oscar (1823-1886). German zoologist; professor in Strassburg. 
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Schnbidbr, Anton (b. 1831). German zoologist; professor in Breslau. 
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Schcmachbr, Christian (1757-1830). Danish naturalist; professor in Copenhagen. 
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Illinois. 
Smith, Hugh M. (1865—). American ichthyologist ; U. S. Commissioner of Fisheries. 
Smith, Sidney I. (1843 — ). American zoologist; professor in Yale. 
Smith, Theobald (1859 — ). American protozoologlst and bacteriologist; 

Rockefeller Institute. 
Solandbr, Daniel (1736-1782). Swedish-English zoologist and botanist; a keeper 

of the British Museum. 
Sowbrbt, George B. (1788-1834). English zoologist and conchologlst. 
80WERBY, George B. (1812-1884). English zoologist and conchologlst ; son of above. 
Spbngel, Johann Wilhblm (1852 — ). German zoologist; professor In Giessen. 
8PENGLER, Lorbnz (b. 1720). German conchologlst. 
Stafford, Joseph (1867 — ). Canadian zoologist and parasitologist; lecturer in 

McGill University. 
Starcovici, C. Italian veterinary and parasitologist. 
Stbbbing, Thomas R. (1835 — ). English zoologist and clergyman in Tunbrldge 

Wells. 
Steel, John Hbnrt (d. 1891). English parasitologist and veterinary in Bombay 

Veterinary College. 
Stbbnstrup, Johann Japhbtus (1813-1897). Danish zoologist; professor In 

Copenhagen. 
Stein, Fribdbich (1818-1885). German zoologist; professor in Prague. 
Stbrki, Victor (1846 — ). Swiss-American zoologist and physician in New Phila- 
delphia, Ohio. 
Stevens, Nettie M. (1861-1913). American zoologist and cytologlst; associate in 

Bryn Mawr. 
Stiles, Charles W. (1867 — ). American zoologist and parasitologist ; head zoologist 

of the Hygienic Laboratory of the U. S. Marine Hospital Service. 
Stimpson, William (1832-1872). American zoologist; curator of the Academy of 

Sciences in Chicago. 
Stokb8, Alfred C. American microscoplst and physician in Trenton, N. J. 
Stolc, Ant. Bohemian zoologist ; in the Technical High School in Prague. 
Stone, Gborgb E. (1860 — ). American botanist; professor in Massachusetts Agri- 
cultural College, Amherst. 
Stobbr, David H. (b. 1804). American physician and naturalist in Boston. 
Straus-Durkhbim, Hercules (1790-1865). French zoologist and comparative 

anatomist. 
StrOm, Hans. Norwegian naturalist and physician ; first part of last century. 
Stum mbr, Rudolf von (1866 — ). Austrian zoologist ; professor in Graz. 



Digitized by 



Google 



690 UST OF AUTHORS 

Sumner, Francis B. (1874—). American zoologist; Scrlpp's Institute tor Biological 

Research, La Jolla, CaL 
Sundbvall, Carl (b. 1801). Swedish soologist; professor in Land. 
Surface, Frank M. (1882 — ). American biologist; Maine Agriculture Experiment 

8tation, Orono. 
Swain son, William (1780-1855). English naturalist and traveler. 

Tappan, Benjamin. American conchologist ; middle of last century. 

Taschbnbero, Ernst (1818-1898). German soologist and entomologist; professor 
In Halle. 

Tatbm, J. G. English microscopist and protozoologist. 

Tbnnant, David H. (1878 — ). American soologist; professor in Bryn Mawr. 

Thbbl, Johann. Swedish zoologist. 

Thomas, Aloernon P. W. English physician and parasitologist; professor In Auk- 
land, N. Z. 

Thompson, Carolinb B. (1869 — ). American soologist; professor in Wellesley. 

Thompson, Charles Wtvillb (1880-1882). Scotch zoologist; professor in Edin- 
burgh ; sailed on the Challenger. 

Thompson, D'Arct W. (1860 — ). Scotch zoologist; professor in Dundee. 

Thompson, John Y. (1779-1847). English soologist and army surgeon. 

Thorell, Tambrlan. Swedish zoologist and arachnologist ; middle of last century. 

Thorpb, Y. G. English physician and microscopist ; latter half of last century. 

Tibdbmann, Fbibdrich (1781-1861). German soologist; professor in Heidelberg. 

Toppb, Otto. German zoologist ; assistant in Rostock. 

Torrbt, Harrt B. (1878 — ). American zoologist; professor in Beed College, Port- 
land, Oregon. 

Tottbn, Josbph G. American conchologist ; middle of last century. 

Trbmbley, Abraham (1700-1784). Swiss naturalist, and teacher in The Hague, 
Holland. 

Troubssart, Edouard Louis (1842 — ). French zoologist; professor in Paris. 

Troschbl, Franz (1810-1882). German zoologist; professor in Bonn. 

Trton, George W. (1888-1888). American conchologist; Academy of Natural 
Sciences, Philadelphia. 

Tcllbero, Ttcho. Swedish zoologist ; professor in Upsala. 

Turnbr, C. H. American zoologist ; teacher in Augusta, Georgia. 

Tubton, William (1762-1835). English conchologist and physician in Swansea. 

dTJdbkbm, Julius. Belgian zoologist ; middle of last century. 

Yalbntin, Gabriel (1810-1888). German physician ; professor in Breslau and 

Berne. 
Van att a, E. G. American conchologist in the Academy of Natural Sciences, 

Philadelphia. 
Van Namb, Willard G. (1872 — ). American zoologist resident in New Haven. 
Yauohan, T. Watland (1870 — ). American paleontologist and geologist; the U. 8b 

Geological 8urvey. 
Vbjdovsky, Fr. (1849 — ). Bohemian zoologist; professor in Prague. 
Ybrhobfp, Karl Wilhblm. German -zoologist resident in Cannstatt. 
Ybrrill, Addison B. (1889 — ). American soologist; professor in Yale. 
Vogt, Carl (1817-1895). German-Swiss zoologist; professor in Geneva. 
Yosmabr, G. C J. Dutch zoologist ; professor in Leyden. 

Wagner, Franz von. Austrian zoologist ; professor in Prague. 

Walckbnabr, Charlbs (1771-1852). French arachnologist and zoologist; secretary 
of the Paris Academy of Sciences. 

Walkbr, Bryant (1856 — ). American conchologist and lawyer in Detroit. 

Wallich, Nathanibl (1786-1854). Danish-English botanist, naturalist and physi- 
cian in India. 

Walter, Hbrbbrt B. (1867 — ). American soologist; professor in Brown. 

Walton, L. B. (1871 — ). American zoologist; professor in Kenyon College, Ohio. 

Ward, Henrt B. (1865 — ). American zoologist and parasitologist; professor in tb# 
University of Illinois. 

Wbckbl, Ada L. American zoologist resident in Chicago, 



Digitized by VjOOQ IC 



LIST OF AUTHORS 691 

Webster, Harbison B. American zoologist and president of Union College. 

Weed, Clarence M. (1864 — ). American entomologist; Instructor in State Normal 
School, Lowell, Mass. 

Wbinland, Christopher (b. 1829). German physician and zoologist 

Welch, William Hbnrt (1850 — ). American physician and bacteriologist ; professor 
in Johns Hopkins. 

Werner, Carl (d. 1868). German zoologist. 

Westrino, Niklas (1797-1882). Swedish arachnologist 

Wbstwood, John O. (1805-1898). English entomologist and naturalist. 

Wbtssb, Arthur W. (1867 — ). American zoologist; professor in Boston University. 

Wbeblbr, William M. (1865—). American zoologist and entomologist; professor in 
Harvard. # 

Whipple, George C. (1866 — ). American sanitary engineer in New York City. 

Whitman, Charles O. (1842-1910). American zoologist; professor in the Univer- 
sity of Chicago. 

Whitney, David D. (1878—). American zoologist; professor in Wesleyan. 

Wbigmann, Abend (1802-1841). German zoologist; professor in Berlin. 

Wilder, Harris H. (1864 — ). American zoologist; professor in Smith College. 

Wilhelmi, Julius. German zoologist resident in Berlin. 

Willemoes-Sulm, Bddolf von (d. 1876). German zoologist; sailed on the Chal- 
lenger Expedition ; professor in Munich. 

Willbt, Arthur (1867 — ). English zoologist; professor in McGlll University. 

Williams, Leonard W. (1875-1813). American zoologist and comparative anatomist ; 
instructor in Harvard. 

Williams, Stbphen R. (1870 — ). American zoologist; professor in Miami 
University. 

Wilson, Alexander (1766-1818). Scotch-American ornithologist resident in 
Philadelphia. 

Wilson, Charles B. (1861 — ). American zoologist; professor in State Normal 
School, Westfleld, Mass. 

Wilson, Edmund B. (1856 — ). American zoologist; professor in Columbia. 

Wilson, Hbnrt V. (1868 — ). American zoologist; professor in the University of 
North Carolina. 

Wolcott, Robert H. (1868 — ). American zoologist; professor in the University of 
Nebraska. 

Wolff, Euqbn. German zoologist and entomologist ; docent in Frankfort. 

Wood, Horatio C. (1841 — ). American zoologist and physician; professor in the 
University of Pennsylvania. 

Woodruff, Lorandb Loss (1879 — ). American protozoologist and zoologist; pro- 
fessor in Tale. 

Woodworth, William McM. (1864-1912). American zoologist; Museum of Com- 
parative Anatomy, Cambridge, Mass. 

Wright, R. Ramsey (1852 — ). Canadian zoologist; professor in Toronto. 

Wright, Thomas (1809-1884). Scotch physician and naturalist. 

Wright, William (1735-1819). English naturalist and physician in the West Indies 
and Edinburgh. 

WRZB8NI0W8KI, A. Polish zoologist and protozoologist ; middle of last century. 

Yarrell, William (1784-1856). English zoologist and merchant in London. 

Zaddach, Ernst (1817-1881). German zoologist; professor in Ktfnlgsberg. 

Zeder, J. G. H. German helminthologist and physician in Lichtenfels at the begin- 
ning of the last century. 

Zelinka, Carl. Austrian zoologist ; professor in Czernowltz. 

Zblleb, Phillip (1808-1888). German zoologist and entomologist. 

Zenker, Fribdbich von (1815-1898). German anatomist and zoologist; professor 
in Briangen. 

Zschokke, Fribdrich. Swiss zoologist ; professor in Basle. 

Zurn, Friedrich (1835-1900). German veterinary and parasitologist; professor 
In Leipzig. 



Digitized by 



Google 



Digitized by 



Google 



GLOSSARY 

Abdomen, The most posterior body-division in arthropods and in some other 

invertebrates. 
Aboral. The side of the body opposite the mouth in a radiate animal. 
Aciculum. A chitinous supporting rod in the parapodia of annelids. 
Aoontium, A vibratile thread-like organ charged with nettle cells in certain 

sea anemones. 
Acraspedote medusa. A medusa without a velum. A scyphomedusan. 
Acrocyst. A brood-chamber in certain campanularian hydroids. 
Actinule. A larval form of certain hydroids. 
Adaptive gill*. Projections on certain opisthobranchs which function as gills, 

but are not ctenidia. 
Adductor muscle. A muscle which draws an organ towards the axis of the 

body. 
Algae. Very simple green plants. 
Alimentary tract. The digestive canal, the organ which ingests, digests, and 

absorbs the food. 
Alternation of generations. The alternate succession of sexual and asexual 

generations in a species of animals or plants. 
Ambulacral feet. Tubular projections of the body wall with sucker discs at 

their ends in echinodenns. 
Ambulacral groove. The elongated groove on the oral side of the rays of the 

starfish. 
Ambulacral pores. Minute openings in the body-wall in the starfish and the 

sea-urchin. 
Ampulla. A sac-like projection of the ambulacral foot in echinodenns. 
Anal feelers. Paired posterior appendages which are sensory in function. 
Analogous. Having a similar function. 
Antenna. A segmented sensory appendage on the head. 
Antennal scale. The exopodite of the second antenna in certain malacostracans. 
Antennal sinus. An indentation in the shell near the antennae of certain 

ostracods. 
Anterior* At or towards the front end of the body. 
Anus. The posterior opening of the digestive canal. 
Aorta. A large artery leading directly from the heart. 
Aperture. The opening of a snail shell. 
Apex. The tip of a snail shell. 

Appendage. A projection from some part of the body. 
Appendix. A short diverticulum usually of the intestine. 
Archeocytes* Primitive cells in the mesoglea of sponges. 
Aristotle* s lantern. The dentary apparatus of the sea-urchin. 
Artery. A blood vessel carrying blood away from the heart to the tissues. 
ArthrobrancK A gill attached to the joint between the leg and the body in 

crustaceans. 
Articulate. Composed of a series of homologous segments. 
Asexual. Reproduction by division or budding and not through the agency 

of the sexes. 
Atoke. The anterior, sexless part of certain annelids. 
Auricle. A chamber of the heart which receives the blood from the veins. 
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Autosooid. A feeding looid in the Pennatulacea. 

Avioularium. A structure shaped like a bird's head attached to the zocBeium 

in Bryozoa. 
Axial organ. A glandular organ in the axial sinus in echinoderms. 
Axial sinus. An elongated sac alongside the stone canal in echinoderms. 

Basals. Calcareous interradial plates in the crinoid body. 

Bilateral symmetry. Having the right and the left sides alike. 

Bivalve* A shell composed of two distinct and equivalent parts or valves. 

Bladder worm. The larval stage of tapeworms. 

Blastostyle. The reproductive polyp of a campanularian hydroid. 

Body-cavity. An internal space in the body in which lie the viscera. 

Body-wall. The outer portion of the body, which usually bounds the body- 
cavity towards the inside. 

Brachial. Relating to the arms. 

Branchial. Relating to the gills. 

Branchial heart. A lateral heart in the squid which receives blood from one 
of the gills. 

Branchiate. Bearing gills. 

Branchiostegite. Paired lateral folds of the body-wall in crustaceans which 
protect the gills. 

Brood-sac. A chamber in which the eggs develop in certain crustaceans. 

Brown body. A round mass in certain bryozoans resulting from the disinte- 
gration of the soft parts of the body. 

Bud. An outgrowth of the body of an animal which becomes a new individual. 

Byssus. Cuticular threads secreted by the foot of many pelecypods and used 
to attach the shell. 

Cascum. A sac-like appendage of the digestive tract ; a blind gut. 

Calamistrum. A comb of stiff hairs on the fourth leg in certain spiders used 
by the animal to make a band of silk which stretches across the web. 

Calcareous. Formed of carbonate of lime. 

Callus. A thickening near the umbilicus in certain snail shells. 

Calyx. The body of a crinoid. 

Canal. A tubular prolongation of the lip of the aperture containing the siphon 
in many snail shells. 

Carapace. The shell covering a portion or all of the cephalothorax in crus- 
taceans. 

Cardinal teetK The hinge teeth beneath the umbo in a bivalve shell. 

Carina. The median dorsal shell in barnacles. 

Cartilage. The internal portion of the ligament in certain bivalve shells. 

Cellulose. The woody cell-wall of plant cells and also of certain cells in the 
tunic of tunicate*. 

Central teeth. In the radula of mollusks the central row of teeth. 

Centrodorsal. The basal portion of a non-sessile crinoid. 

Cephalic gland. A tubular organ at the anterior end of nemerteans. 

Cephalont. A sporozoon, when attached. 

Cephalothorax. A body-division formed by the fusion of the head and the 
thorax in arthropods. 

Cerata. Dorsal projections in opisthobranchs. 

Ceratine. A horn-like substance forming the skeleton in certain corals. 

Cercariaj A larval form of trematodes. 

Cercus. A paired sensory projection at the posterior end in certain inverte- 
brates. 

Cerebral tube. A sense organ of sipunculids. 

Chelate. Having forceps-like pincers. 
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Cheliped. The large grasping claw in many crustaceans. 

Chitin. A hard and very resistant substance present in the cuticula of many 

arthropods. 
Chlorophyll. The green coloring matter of plants. 
Chromatophores. Colored pigment cells. 
Cilia. The numerous vibratory projections on both the inner and the outer 

surfaces of certain animals. 
Cirrus. A filamentous, sensory appendage of annelids; a protrusile copulatory 

organ of flatworms. 
Clitellum. A thickened glandular region on oligochasts which secretes the 

cocoon. 
Cloaca. A tubular or sac-like space which receives the discharge of various 

organs. 
Cniddblast. A stinging cell in Cnidaria which contains the nematocyst. 
CntdocU. A minute spine projecting from a nettle cell into the water. 
Cocoon. A case containing one or more developing animals, 
Ccelom. The body-cavity. 

Ccenenchym. The soft parts of an alcyonarian colony. 
Collar. The ventral edge of the mantle in gastropods and cephalopoda; the 

part of the body of Balanoglossus between the proboscis and the trunk. 
Collar ceU. A flagellate cell with a high membrane around the base of the 

flagellum. 
Colon. A division of the intestine. 
Columella. The axis of a spiral snail shell. 

Complementary male. A minute accessory male animal in certain barnacles. 
Compound eye. An eye made up of a number of separate elements, or omma- 

tidia, in arthropods. 
Conjugation. The fusion of two protozoans and interchange of nuclear 

matter. 
Connective tissue. A tissue whose principal function is to support and hold 

in place other tissues and organs. 
Coxa. The proximal segment of an arthropod's leg, by which it articulates 

with the body. 
Coxal plate. A plate in the ventral surface of Acarina. 
Craspedote medusa. A medusa with a velum, a hydromedusan. 
Cribellum. A plate with spinning tubes in front of the spinnerets in some 

spiders. 
Cribriform organs. Parallel, vertical rows of thin calcareous plates in the 

margins of the arms of certain starfish. 
Crop. A dilated portion of the oesophagus. 
Ctenidium. The molluscan gill. 

Cuticula. The outer layer of the integument of most invertebrates. 
Cyst. A capsule containing an animal usually in a state of suspended anima- 
tion ; a capsule containing a foreign or inert body imbedded in some animal 

tissue. 
Cysticercoid. A minute bladder worm in which the scolex completely fills the 

cyst. 
Cysticercus. A bladder worm in which the cyst contains one or more scolices 

and a fluid. 

Bart sac. A part of the genital tract of certain pulmonate snails. 

Dentary apparatus. The five teeth and their supporting structure in the sea- 
urchin. 

Desor's larva. A nemertean larval form. 

Development. The series of changes in the early life of an animal by which 
it passes from the condition of a fertilized egg to that of the adult. 
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Dimorphism. The condition in which a species exists in two distinct forms, 

as, for instance, male and female. 
Dioecious. Having the two sexes in two separate individuals. 
Dissepiment. The partitions between the somites in annelids. 
Distal. The position of a part of an organ away from the point of attachment 

— opposed to proximal. 
Diverticulum. A sac-like projection of a tubular organ. 
Dorsal. On or towards the back. 
Dorsal lamina. A ciliated ridge in the mid-dorsal line of the pharynx in the 

ascidean. 

Ectocysi. The zooecium or outer wall of a bryozoan's body. 

Ectoderm. The outermost layer of cells in the Calenterata. 

Ectosaro. The outermost layer of non-granular protoplasm in protozoans. 

Elytra. The imbricated scales on the back of certain annelids; the wing-covers 
of beetles. 

Embryo. A young animal which is passing through its developmental stages, 
usually within the egg membranes or in the maternal uterus. 

Encyst. The act of an animal in forming a cyst about itself. 

Endopodite. The innermost of the two terminal branches of the typical 
crustacean leg. 

Endostyle. A ciliated, glandular groove in the midventral line of the pharynx 
of tunicates and of Amphioxus. 

Entoderm. The innermost layer of cells in the Ccelenterata. 

Entosarc. The interior granular protoplasm in protozoans. 

Ephippium. The shell in which the winter eggs of Cladocera are often con- 
tained. 

Ephyra, A youthful stage in the growth of a scyphomedusan. 

Epigynum. A plate over the genital orifice in the female spider. 

Epiphragm. The disc of calcified slime with which a land pulmonate can close 
the opening of its shell. 

Epipodium. A ridge along the side of the molluscan foot. 

Epistome. A projection above the mouth in certain bryozoans. 

Epitoke. The posterior sexual part of the body of certain annelids. 

Erineum. A pathological plant-growth caused by certain mites. 

Exopodite. The outermost of the two terminal branches of the typical crusta- 
cean leg. 

Extensor muscle. A muscle that extends an organ. 

Extremity. A paired lateral or ventral appendage of the body of an animal, 
used primarily for locomotion, although in many cases having secondarily 
some other function. 

Exumbrella. The aboral side of a medusa. 

Fertilisation. The union of the spermatozoon and the ovum. 

Flagellum. A vibratory thread-like projection of certain cells; the terminal 
portion of the antennae in crustaceans. 

Flame cell* The terminal cell of an excretory tubule in the kidney of Plathel- 
minthes. 

Flexor muscles. A muscle that bends an organ. 

Food vacuole. A globule of water containing food particles in protozoans. 

Frontal appendage. A pair of extra appendages between the second antennae 
in certain Branchiopoda. 

Frontal organ. Sensory organs near the front end of certain nemerteans. 

Funiculus, A mesenteric strand connecting the stomach pouch with the body- 
wall in bryozoans. 

Funnel. The siphon of a cephalopod. 

Furca. A pair of projections at the hinder end of the body of copepods. 
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Ganglion. An aggregation of nerve cells. 

Gastrovascular space. The central cavity in Gnidaria and Ctenophora. 

Gastrosooid. A feeding zooid of a siphonophore colony. 

Gemmule. A capsule in fresh-water sponges containing archeocytes which live 

through the winter and in the spring form the starting point of a new 

sponge- colony. 
GoMtrula. A stage in the development of the embryo in which two cell layers 

are present, ectoderm and entoderm. 
GUI. An organ for the breathing of air contained in the water. 
GUI-filament. Ciliated vertical ridges on the surface of the gills of pelecypods. 
Girdle. An integuments! fold in chitons surrounding the shell. 
Gissard. A portion of the alimentary tract in certain animals with thickened 

muscular walls in which the food is chewed. 
Glochidium. The larval form of Anodonta and Unio which lives a parasitic 

life in the skin of fishes. 
Gnathopod. A grasping claw in amphipods. 
Gonangvum. The cuticular covering or gonotheca of the blastostyle in cam- 

panularian hydroids. 
Gonosome. The medusoid stage of a hydromedusan. 
Gonotheca. The cuticular outer covering of the blastostyle. 
Gonoeooid. The reproductive zooid of a siphonophore colony. 

Haemal. Pertaining to the blood system. 

Holler's organ. A sense organ on the anterior pair of legs in certain ticks. 

Head* The anterior body-division of the higher animals. 

Heart* A muscular tubular or saccular organ which propels the blood through 
the arteries. 

Heetoeotylus arm. One of the arms in the male in many cephalopoda used to 
transfer sperm to the female. 

Hermaphroditic. Having the two sexes united in one animal. 

Hinge ligament. The flexible portion of a bivalve shell which joins the two 
valves. 

Homologous. Having had a similar origin. 

Host. The animal which harbors a parasite. 

Hydranth. An individual feeding-polyp in a hydroid colony. 

Hydrocladhtm. Small branches in the Plumulariidae bearing the polyps. 

Hydrocaulus^ The stem of a hydroid colony. 

Hydroid. The sessile, asexual generation of the Hydromedusae and Scypho- 
medusae. 

Hydrorhiea. The root-like projection of a hydroid colony by which it is 
attached. 

Hypodermis. The cellular layer which forms the inner portion of the integu- 
ment of most invertebrates and secretes the cuticula. 

Hypophysis. A ventral projection of the brain in vertebrates. 

Hypopus. The youthful form of certain mites. 

Hypostome. The projection of a hydroid 's body which bears the mouth. 

Infrabasals. Calcareous plates between the basals in certain crinoids. 

Infundibulum. A longitudinal fold of the pharyngeal wall of ascidians. 

Insertion plate. The portions of the shell of chitons beneath the girdle. 

Integument. The outer covering of an animal; in most invertebrates it con- 
sists of an outer cuticula and an inner hypodermis. 

Interlamellar partitions. Vertical walls which join the two lamellae of a pele- 
cypod's gill. 

Intermediate host. The animal which harbors the larval form only of a 
parasite. 
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Interray* One of the divisions of the radiate body of echinoderms. 
Intestine. The division of the digestive tract in which absorption goes on. 
Introvert. The anterior part of a sipunculid, which can be invaginated. 

Keber's organ. An excretory organ in pelecypods. 
Kidney. An excretory organ. 

Labium. The under lip of many arthropods. 

Lamella. A leaf- or plate-like structure. 

Larva. A young animal which has left the egg and is leading a free life, but 
which has not yet completed its development. 

Lateral. A position to the right or left of the median line. 

Lateral teeth. In the radula of moUusks the teeth on each side of the cen- 
trals; in pelecypods the hinge-teeth either anterior or posterior to the 
cardinals. 

Ligament. The elastic band joining the two valves of a pelecypod's shell. 

Lip. The margin of the aperture of a snail shell. 

Lithocysti A marginal sense-organ in campanularian medusae. 

Liner. A digestive gland. 

Lophophore. A circular or horseshoe-shaped ridge bearing tentacles in Bryoroa, 
Brachiopoda and Phoronidea. 

Loriea. The shell enclosing the body in many rotifers. 

Lumen. The cavity within a tubular organ. 

Lunule% A depressed area in front of the umbo in certain pelecypods. 

Lyepphore. The ten-hooked embryo of the Gestodaria. 

Macronudeus. The large nucleus of an infusorian. 

Madreporite. The porous plate through which fluids enter the ambulacra] 

system. 
Malpighian tubes. The kidney of insects and many arachnids. 
Mammary organ^ An elevation in the vestibule of certain entoproct bryosoans 

which nourishes the embryos. 
Mandible. The anterior pair of mouth-parts in arthropods. 
Mantle. The integumental fold in molluscs and brachiopods which secretes the 

shell; the body-wall of ascidians beneath the tunic 
Manubrium. The projection of a medusa's body which bears the mouth. 
Marginal teeth. In the radula of mollusks the teeth at the side of the laterals. 
Mastax. The muscular pharynx of a rotifer. 

MaxiUa. The paired mouth-parts immediately behind the mandibles in arthro- 
pods. 
MaxUlipeds. The anterior thoracic appendages in crustaceans and centipeds. 
Medusa. A free-swimming jelly-fish. 

Medusoid. The sexual generation of the Hydromedusae and Scyphomedusae. 
Megasderes. The larger spicules in sponges which form the principal skeletal 

support. 
Mesentery. A lamella which supports some one of the viscera; in Scyphosoa 

and Anthosoa a lamella extending from the body-wall into the gastrovas- 

cular space. 
Mesoglea. The middle tissue between the ectoderm and entoderm in Coelen- 

terata. 
Metacnemes. The secondary mesenteries of Anthosoa. 
Metamere. One of the serial, homologous body-segments, together with its 

appendages, which form the body of an articulate animal. 
Metapodium. The hinder part of the molluscan foot. 
Metasoma. The primitive segmented trunk of an articulate animal. 
Metastomium. The posterior portion of the head of an annelid. 
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Metasoa. The division of the animal kingdom comprising the many-celled 



Micronucleus. The smaller of the nuclear bodies in inf usorians. 
Microscleres. The minute spicules in sponges. 
Miraridium* The youngest larval stage of trematodes. 
Monoecious. Having the two sexes united in one individual. 
Mother-of-pearl. The inner layer of the shell of molluscs. 
Moult. To shed the cuticula or the outer portion of it. 
Mouth-parts. The masticatory appendages on the head of arthropods. 

Nauplius. A young larval form of many crustaceans, especially entomostracanf . 
Nematocyst. The stinging organ in the Cnidaria which is within the cnidoblast. 
Nephridium. A urinary tubule in annelids. 

Nephrostome. The ciliated opening of a nephridium into the body-cavity. 
Nerve commissure. A nerve connecting the two members of a pair of ganglia. 
Nerve connective. A nerve connecting two ganglia not of the same pair. 
Nettle ceU. The stinging organ or nematocyst in the Cnidaria. 
Neuropodium. The ventral division of the parapodium of an annelid. 
Nidamental glands. The large glands which secrete the egg-capsules in the 

squid. 
Notochord. A cylindrical rod formed in the young embryo along the mid-dorsal 

line of the digestive tube and ventral to the nervous system in chordates. 
Notopodium. The dorsal division of the parapodium of an annelid. 
Nucleus. A spheroidal body in a cell, the center of its activities. 

Ocellus. A minute primitive eye in arthropods. 

<Esophagus. The gullet, the division of the digestive canal leading from the 

pharynx to the stomach. 
Ommatidktm. A single element of the compound eye of an arthropod. 
Onchosphere. The six-hooked embryo of tapeworms. 
Operculum. A plate closing an opening or covering some other structure. 
Oaecium. A structure in Bryozoa in which the embryo develops. 
Oral. The side of the body containing the mouth in a radiate animal. 
Oral groove. A groove leading to the mouth in ciliate infusorians. 
Organs of Cuvier. Glandular tubes extending from the rectum in holothurians. 
Organ of Keber. An excretory organ in pelecypods. 
Orthoneurous gastropods. Snails in which the pleuro-visceral nerve connectives 

are not crossed. 
Osculum. The cloaca! opening in sponges. 
Ossicles. The calcareous plates in the body-wall of echinoderms. 
Otocyst. An organ of hearing. 

Otoporpae. Thickenings of the ectoderm at the lithocysts in Narcomedusae. 
Outer lip. The portion of the lip of the aperture of a snail shell away from 

the axis. 
Ovary. The female sexual gland. 
Ovicell. A brood-chamber or ooecium in bryozoans. 
Oviduct. The tube leading from the ovary towards the outside. 
Ovipositor. The organ by means of which certain arthropods deposit their egga. 
Ovum. The female sexual cell, the egg. 

Pallets. Small calcareous plates in the siphons of Teredo. 

Pallial line. The line along which the margin of the mantle is attached to the 

shell in pelecypods. 
Pallial sinus. The indentation in the pallial line, caused by the insertion of 

the siphonal retractor muscle. 
Palp. A sensory organ near the mouth. 
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Pancreas. A digestive gland in the squid. 

Papulae, Delicate projections of the body-wall in the starfish. 

Paramylum. A granular substance resembling starch in Euglena. 

Parapodium. The appendage of annelids. 

Parasite. An animal which lives in or on another and feeds upon its nutritive 
fluids. 

Parenchyma, A vesicular connective tissue which fills the body-cavity of flat- 
worms and leeches. 

Parietal lip. The side of the aperture of a snail shell towards the axis. 

Parietal tooth. A tooth on the parietal lip. 

Parthenogenesis. Reproduction by means of unfertilized eggs. 

PaxUlae. Calcareous rods surmounted by minute spines on the aboral surface 
of certain starfish. 

Pedicellariae. Minute pincer-like organs present on the external surface of 
certain echinoderms. 

Pedipalps. The second pair of appendages in arachinids. 

Peduncle, The stalk by which a sessile animal or a sessile organ is attached. 

Pen. The shell of the squid. 

Pericardium. The membrane surrounding the heart. 

Periopods. The thoracic appendages posterior to the maxillipeds in crusta- 
ceans. 

Periostracum. The outer layer of the molluscan shell. 

Periphery, The outer surface of a body. 

Periproct. The region immediately around the anus. 

Perisarc. The cuticular outer covering of a hydroid. 

Peristome. A membrane surrounding the mouth in echinoderms; the outer 
lip of the aperture of a snail shell. 

Peristomial gills. Gills on the peristome of sea-urchins. 

Peristomium. The posterior portion of the head in most annelids. 

Peritoneum, The membrane lining the body-cavity. 

Peritreme. The stigmal plate in certain mites. 

Peronia. Thickenings of the ectoderm at the base of the tentacles in Narcome- 
dusae. 

Petaloid area, The petal-like arrangement of the aboral ambulacra! pores in 
certain sea-urchins. 

Pharynx. The division of the alimentary tract immediately back of the mouth. 

Phragmocone. The chambered portion of the cephalopod shell. 

Pinnules. The small branches of the arms of crinoids. 

Plankton. A collective term referring to all small forms of life in the surface 
waters of the sea or fresh water. 

Planula. The cilated free-swimming larva of many Cnidaria. 

Pleopod. An abdominal appendage in crustaceans. 

Plerocercoid. A tapeworm larva resembling the scolex of the adult worm. 

Plerocercus, A tapeworm larva consisting of the scolex and some of the pro- 
glottids. 

Pleurobranch. A gill attached to the body-wall in crustaceans. 

Pluteus. The larva of a sea-urchin or a brittle star. 

Podia. The ambulacral appendages of echinoderms. 

Polian vesicle. A sac projecting from the ring canal of echinoderms. 

Polymophism. The condition in which an animal species exists in several dis- 
tinct forms. 

Polyp. A sessile individual in Cnidaria or Bryozoa. 

Posterior. At or towards the hinder end of an animal. 

Proposcis. A prehensile organ in certain worms, usually a portion of the 
pharynx; the beak-like mouth-parts of certain arthropods. 

Proglottid. A tapeworm segment. 
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Proostracon. The grooved or trough-like shell of certain cephalopoda. 

Propodium. The anterior portion of the molluscan foot. 

Prosoma. The primitive head of annelids. 

Prostate gland. The gland which secretes the fluid in which the spermatozoa 

are suspended. 
Prostomium. The anterior portion of the head of annelids. 
Protopodite. The basal segment of a crustacean's leg. 

Protractor muscle y A muscle which extends the organ to which it is attached. 
Proximal. The position of a part of an organ towards the point of attachment 

—opposed to distal. 
Pseudopodium. A retractile locomotory process in sarcodins. 
Pseudoscolex. The anterior end of certain tapeworms which lack a scolex. 
Pseudostigmatic organs. A pair of club-shaped bristles on oribatid mites. 
Pulsating vacuole. A globule of excretory fluid in many protozoans. 
Pyrenoids. Deeply staining bodies in the chromatophores of Euglena. 

Bachis. The upper portion of the Pennatulacea, containing the polyps. 

Radial symmetry. Having the parts or organs arranged symmetrically about a 
common center. 

Badials. Calcareous plates in crinoids above the basals. 

Radius. One of the rays, the five main divisions of the echinoderm body. 

ilodula* The band of calcareous teeth in the pharynx of most mollusks. 

Bay. One of the main divisions of the radiate body of echinoderms. 

Beceptaculum seminis. A receptacle for sperm in the female animal. 

Rectum. The posterior division of the digestive tract. 

Respiratory tree. The paired branched diverticula of the rectum of holo- 
thurians. 

Retractor muscles. Muscles which draw an organ towards its point of attach- 
ment. 

Bhinophores. The posterior pair of tentacles in many opisthobranchs. 

Rhopalia. The sense organs or tentaculocysts of scyphomedusans. 

Ring canal. The central portion of the ambulacral system in echinoderms. 

Rostellum. A projection of the scolex of many tapeworms bearing hooks. 

Rostrum. A projection of the carapace in crustaceans; the cylindrical terminal 
portion of a belamnite shell. 

Salivary glands^ Digestive glands at the anterior end of the digestive tract. 
Bcleroblasts. The cells of the mesoglea of sponges which secrete the spicules. 
Scolex. The anterior end of a tapeworm containing the organs of attachment. 
Scutum. A shield on the dorsal surface of ticks. 
Scyphistoma. The hydroid generation of the Scyphomedusae. 
Secondary flagellum. A small branch of the tentacle in certain crustaceans. 
Segment. One of a number of serial divisions of an animal's body or of an 

organ. 
Septum. A plate forming a division wall between two spaces; one of the 

radial calcareous plates of a stony coral. 
Sessile. Fixed to one place, without locomotory powers— of an animal; not 

on a stalk or stem — of an organ. 
Seta. A bristle. 

Sexual. Beproduction through the agency of the two sexes. 
Siphon. The organ through which water enters or leaves the mantle cavity in 

mollusks and ascidians. 
Siphonal canal. A tubular prolongation of the lip of the aperture of many 

snail shells to enclose the siphon. 
Siphonoglyph. A ciliated groove at one end of the mouth in the Anthozoa. 
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Siphonosooid. Rudimentary zooids through which water flows into the ento- 

dermal canals in the Pennatulacea. 
Siphuncle. The tubular portion of a nautilus' body which extends through 

the chambers. 
Somite, One of the serial, homologous body-segments which form the body of 

an articulate animal. 
Spermatheca. A sac for the storing of sperm in the female animal, a seminal 

receptacle. 
Spermatophore. A capsule or mass of spermatozoa. 
Spermatozoon. The male sexual cell. 
Sperm-duct. The vas deferens. 
Sperm-sac. A sac for the storing of sperm in the male animal, a sp"""* l 

vesicle. 
Spicule. A minute calcareous or silicious body in sponges and echinodenns. 
Spinnerets. Appendages at the hinder end of a spider containing the openings 

of the silk glands. 
Spiracle. An external opening in the tracheal system in arthropods. 
Spire. The portion of a snail shell above the large lowest whorl. 
Spongin. The substance composing the elastic fibers of a sponge. 
Spongioblasts. The mesoglea cells which form the elastic fibers of a sponge. 
Sporont. The sporulating stage of a sporozoan. 
Sporosac. A sessile medusoid, one which remains attached to the parent 

hydroid. 
Statoblast. Disc-like buds in fresh-water Bryozoa which live through the 

winter. 
Sternum. The ventral portion of the cepholothorax surrounded by the legs in 

spiders. 
Stigmal plate. A plate surrounding the spiracle in certain mites. 
Stigmata. The respiratory openings in the pharyngeal wall in asddiana. 
Stomach. A division of the digestive tract in which digestion goes on. 
Stomach pouch. A diverticulum of the stomach. 
Stone canal. A tube joining the madreporite with the ring canal in echino- 

derms. 
Streptoneurous gastropods. Snails in which the pleuro-visceral connections cross 

each other. 
StrobUation. The process of terminal budding. 
Stylets. Calcareous needles in the proboscis of hoplonemerteans. 
Subchelato. A pinching claw formed by the bending of the terminal segment 

over the next one. 
Subcuticular The tissue beneath the cuticula in trematodes and cestodes. 
Sub genital pocket. A pocket in the subumbrella of many scyphomedusans. 
Subneural gland. A glandular body in ascidians. 
SubumbreUa. The oral surface of a medusa. 

Summer eggs. Thin-shelled eggs produced by parthenogenetic females of cer- 
tain crustaceans, usually in the summer. 
Supporting layer. The non-cellular layer between the ectoderm and entoderm 

in Hydrozoa. 
Swimmeret. The abdominal appendage of a crustacean, a pleopod. 
Symbiotic The living together of two dissimilar organisms, each being depend- 
ent upon the other. 
Systemic heart. The median heart of the squid. 

Tactile. Relating to the sense of touch. 

Tarsus. The segmented foot of an arthropod. 

Telson. The terminal segment of a crustacean or arachnoid. 

Tentacle, An elongated tactile organ. 



Digitized by 



Google 



GLOSSARY 703 

Tentaculocyst. The sense organs of the Scyphozoa. 

Terminal. Towards or at the posterior or the distal end. 

Test. The tunic of the ascidian; the rigid shell of the sea-urchin. 

Testis. The male sexual gland. 

Theca. The outer wall of the calcareous cup of a stony coral. 

Thorax. The body-division just anterior to the abdomen. 

Tiedemann's vesicles. Minute diverticula of the ring canal of the starfish. 

Tooth papillae. Projections from the jaw of a brittle star. 

Trachea. A respiratory tube in air-breathing arthropods. 

Trichocyst. A cyst containing a defensive bristle in the ectosarc of inf usorians. 

Trochophore. A larval form common to annelids, mollusks, and other animals. 

Trophi. The paired jaws in the mastaz of rotifers. 

Trophosome. The hydroid stage of hydromedusans. 

Trophozooid. The youthful stage of a fungoid coral. 

Tunic The outer cuticular covering of tunicate*. 

Umbilicus. A depression or cavity at the axial base of a snail shell. 

Umbo. The protuberance above the hinge on the shell of a pelecypod. 

Ureter. A tube forming the outlet of the kidney. 

Uropod. The sixth swimmeret of certain crustaceans which forms the swim- 
ming tail. 

Uterus. A dilated portion of the oviduct in which the egg or the developing 
animal may be held. 

Vagina. The terminal division of the female reproductive tract. 

Vas deferens. A duct leading from the testis towards the external opening; 
the sperm-duct. 

Vegative organs. Those organs which have to do with the processes of nutri- 
tion, growth, and the expulsion of wastes. 

Vein. A vessel which brings blood towards the heart. 

Velarium. The false velum of Cubomedusae. 

Veliger larva. The larva of many gastropods. 

Velum. The circular muscular locomotory membrane of a hydromedusan. 

Ventral. On or towards the underside of an animal. 

Ventricle. A chamber of the heart from which blood is sent over the body. 

Vesicula seminalis. A sperm-sac in the male animal. 

Vestibule. The depression within the lophophore in entoproct bryzOans. 

Vibraculum. Whip-like defensive organs in many bryozoans. 

Viscera. The organs within the body-cavities. 

Visceral mass. The compact group of organs comprising the principal viscera 
in mollusks. 

Winter eggs. Thick-shelled eggs produced by parthenogenetic females after 
fertilization, usually in the fall. 

Zob'chloreUae. Single-celled algae which live symbiotically with some inverte- 
brates. 
Zo<Bcium. The outer cuticnlax covering of a bryozoan. 
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This Index includes the names of species, genera and all other systematic 
groups, and also the names of anatomical structures. Specific names begin with 
a small letter and each is followed by the name of its genus in parentheses. All 
other names and terms begin with capital letters. Specific and generic names 
which appear in italics are synonyms. 

In the case of an anatomical structure the page referred to is the one on 
which a definition or description of the structure will be found. 

In the case of a species, genus, or other systematic group the page referred 
to is the one on which the principal description of it will be found. 



ABALONE8, 531. 
abdltum (Pisldlum), 587. 
Abdomen, in arthropods, 

323; in ascldlans, 068. 
Abdomlnalla, 362. 
abdominalls (Phryxus), 

381. 
abietina (Abietinaria), 107. 
Abietlnaria, 107. 
Aboral surface, 614. 
Abothrium, 195. 
Acalephae, 89. 
Acanthobdella, 316. 
Acanthocephala, 228. 
Acanthochltidae, 489. 
Acanthocystis, 23. 
AcanthodoriB, 502. 
A carina, 436. 
Acartla, 345. 
Acephala, 481. 
Acephalina, 46. 
acerosa (Gorgonia), 136. 
Acetabulum, 179. 
aceti (Anguillula), 217. 
achetae-abbreviatae (Gre- 

garina), 44. 
acicula (Turritella), 548. 
Aciculum, 283. 
Acineta, 68. 
Acinetidae, 68. 
Acmca, 530. 
Acma?ldae, 530. 
Acoela, 158. 
Acontia, 133. 
Acotylea, 169. 
Acraspedote medusa, 88. 
Acrocyst, 104. 
Acroperus, 336. 
Acropora, 146. 
Acroporidae, 146. 
Acrosoma, 426. 
Acteon, 496. 
Acteonldae, 496. 



Actlnlaria, 139. 
Actinocephalldae, 45. 
Actlnodendron, 138. 
actlnoides (Thysanosoma). 

199. 
Actinolobo, 144. 
Actinometra, 622. 
Actinophrys, 22. 
Actinopoda, 648. 
Actinospluerium, 23. 
Actinotrocha, 270. 
actinotus ( Hoplorhynchus) , 

45. 
Actinozoa, 132. 
Actinules, 103. 
aculeata (Anomia), 570. 
aculeata (Anuraa), 239. 
aculeata (Centropyxis), 18. 
aculeata (HarmothoC), 285. 
aculeata (Ophiopholls), 

636. 
aculeata (Pennatula), 137. 
aculeata (Phllodina), 235. 
aculeus (Rlssoa), 541. 
acuminata (Candona), 355. 
acuminata (Difflugia), 17. 
acuminata (Metopidla), 

242. 
acus (Euglena), 32. 
acuta (Hircinia), 85. 

Adamsia, 144. 

Adaptive gills, 495. 

Adlnida, 39. 

JEga, 375. 

iEgldae, 374. 

i^ginella, 372. 

JEglnidae, 121. 

^olidia, 503. 

JEolldidae, 503. 

JEolidioldea, 503. 

-Soils, 503. 

JEolosoma, 305. 

iEolosomatidae, 305. 

705 



a&qualis (Mediastcr), 627. 
/Equorca, 116. 
JEquorea forskalea, 88. 
/Equorca tenuis, 88. 
^quoreidae, 116. 
iEsthetes, 485. 
«stiva (Labidocera), 345. 
astivalis (Dendryphante8), 

435. 
Mtea, 252. 
iEteldae, 252. 
offlnis (Cambarus), 392. 
afflnis (Cyclosalpa), 662. 
afflnis (Dlclidophora), 177. 
afflnis (Gebia), 389. 
afflnis (Trophonla), 300. 
Agalmidae, 124. 
agassizi (Gorgonocepha- 

lus, 638. 
agassizi (Physcosoma), 

275. 
Agelena, 430. 
Agelenidae, 430. 
aggregate (Styela), 666. 
agile (Nectonema), 228. 
agllis (Caddo), 411. 
agilis (Fredericla), 308. 
agllis (Hahnia), 431. 
agilis (Lumbriclllus), 307. 
agilis (Monocystis), 46. 
agilis (Orchcstia), 367. 
Aglantha, 120. 
Aglaura, 120. 
Aglauridae, 119. 
agrestls (Agriolimax), 527. 
agricola (Geonemertes), 

210. 
Agriolimax, 527. 
Akeridae, 497. 
alarius (Phrurollthus), 

430. 
Alasmidonta, 582. 
alata (Bollnopsis), 153. 
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alata (Neocomatella), 623. 
alatura (Hemistomum), 

188. 
alba (Eteone), 286. 
alba (Frederlcia), 307. 
albicans (Ocypoda), 309. 
albida (iEquorea), 116. 
alblda (Glottidla), 267. 
albidum (Lcptoclinum) , 

671. 
albldus (Cyclops), 347. 
albldus (Enchytneus), 307. 
alboflavicans (Megalo- 

trocha), 234. 
albolabris (Polygyra), 521. 
albulus (Stlchaster), 631. 
albas (Trachydermon), 488. 
alcicornis (Millepora), 93. 
Alclppe, 362. 
Alcippidae, 362. 
Alcyonacea, 134. 
Alcyonaria, 133. 
Alcyonidiidae, 259. 
Alcyonldlum, 259. 
Alcyonildae, 134. 
Alcyoniom, 134. 
Alderla, 505. 
Aleurobius, 442. 
Alona, 337. 
Alloeocoela, 164. 
Allolobophora, 313, 814. 
AUorchestes, 867. 
Allurus, 314. 
Alpheus, 888. 
alta (Janlra), 378. 
alternate (Pyramldula), 

522. 
Alternation of generations, 

70, 660. 
alternatum (Bittium), 546. 
alvea (Acmaea), 530. 
alveola ta (Euglypha), 19. 
Amarouclum, 670. 
Amathia, 260. 
Amaurobius, 418. 
amblgnum (Spirostomum), 

58. 
Amblyorama, 446. 
Ambulacral appendage, 

616. 
Ambulacral foot, 616. 
Ambulacral groove, 

619, 623. 
Ambulacral system, 616. 
American hookworm, 223. 
americana (Bertis), 198. 
amerlcana (Ccllepora), 

259. 
amerlcana (Glycera), 291. 
amerlcana (Odinia), 633. 
americana (Pedicel Una), 

248. 



americana (Styela), 666. 
americana (Uroglena), 35. 
amerlcanum (Amblyomma), 

446. 
americanu8 (Arrhenurus), 

452. 
americanu8 (Cerlanthus), 

140. 
amerlcanus (Cyclops), 346. 
americanus (Eplzoan- 

thus), 141. 
amerlcanus (Homarus), 

889. 
americanus (Necator), 223. 
americanus (Rhyncobolus), 

291. 
Amicula, 489. 
Ammonites, 606. 
Ammonoldea, 606. 
Ammotheidae, 459. 
Ammotrypane, 298. 
Amnicola, 542. 
Amoeba, 16. 
Amoeblda, 15. 
Amoebidae, 15. 
Ampelisca, 368. 
Ampeliscidac, 368. 
Ampharete, 296. 
Ampharetidae, 296. 
Amphictenidae, 297. 
Amphldinium, 41. 
Amphidlsc, 80. 
Amphileptus, 58. 
Amphllina, 192. 
Amphimerus, 185. 
Amphineura, 482. 
Amphioiru*, 673. 
Amphipholls, 637. 
Amphipoda, 365. 
Amphlporidae, 210. 
Amphiporus, 210. 
Amphlsia, 62. 
Amphistomata, 182. 
Amphithoe, 371. 
Amphithoidae, 371. 
Amphltrite, 295. 
Amphluridae, 636. 
amphora (Campanularia), 

111. 
amphora (Tintinnus), 60. 
Amphori8cidae, 77. 
AmphoriscuB, 77. 
Amphoroldes, 45. 
amplicava (Gorgodera), 

186. 
Ampulla, 616. 
ampulla (Cyphoderia), 19. 
Ampullaria, 545. 
Ampullariidae, 545. 
amylophagus (Phylloml- 

tus), 30. 
Anachi8, 557. 



Analges, 441. 
Analgesidae, 440. 
Anaperus, 159. 
anatifera (Lepas), 361. 
Anatinacea, 600. 
Anatinldae, 601. 
Anchylostoma, 223. 
ancUlaria (Physa), 511. 
Ancula, 501. 
Ancylidae, 513. 
Ancylus, 513. 
Androgonldia, 89. 
Anelasma, 860. 
angulllae (Echlnorhyn- 

chus), 229. 
AnguiUula, 217. 
Angulllulidae, 216. 
anguina (JEtea), 252. 
angulata (Epelra), 425. 
angulata (Ophiothrix), 

637. 
angulata (Scalaria), 535. 
angulatus (Amphiporus), 

211. 
Anisonema, 33. 
Annelid worms, 277. 
Annelida, 277. 
Annelldes errantes, 279. 
Annelides hirudineae, 279. 
Annelldes lumbricineae, 

279. 
Annelldes nereideae, 279. 
Annelldes serpuleae, 279. 
Annelides terricoles, 279. 
Annelldes tub! coles, 279. 
annularis (Orblcella), 148. 
annulata (Cambala), 470. 
annulata (Cribrllina), 256. 
annulatum (Calliostoma), 

533. 
annulatus (Gammarus), 

369. 
annulatus (Limn las), 234. 
annulatus (Margaropus), 

446. 
annulosa (Taphrocampa), 

238. 
Anodonta, 581. 
Anodontoldes, 583. 
anodontoides (Lampsllls). 

580. 
anomala (Crania), 268. 
Anomia, 570. 
Anomlidae, 570. 
Anomura, 392. 
Anopheles, 47. 
Anoplocepnala, 198. 
Anoplocephalidae. 197. 
Anoplodactylus, 460. 
Anoplophrya, 57. 
anser (Dileptus), 53. 
anserifera (Lepas), 361. 
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Antedon, 622. 
Antedonidae, 621. 
Antenna (in arthropods), 

323. 
Antennal scale, 363. 
Antenna] sinus, 357. 
antennina (Antennularla), 

109. 
Antennularla, 100. 
Antcnnule, 327. 
Anterior canal, 529. 
Anthobothrium, 196. 
Anthomedusae, 93. 
Anthophysa, 28. 
Anthozoa, 132. 
Anthurldae, 374. 
an til la rum (Centrechinus), 

643. 
Antipatbarla, 139. 
Antipathes, 139. 
Antipatbidae, 139. 
Ant-like spider, 436. 
Anunea, 239. 
Anureidae, 239. 
Aperture, of snail shells, 

492, 506. 
Apex, of snail shells, 506. 
Aphanostoma, 159. 
Aphrodita, 284. 
Aphroditidae, 284. 
Aphrothoraclda, 22. 
aplcata (Stomatoca), 98. 
apiculata (Chetopleura), 

487. 
Aplacophora, 483. 
Aplexa, 511. 
Aplysia, 499. 
Aplyslldae, 499. 
Aplyslna, 85. 
Aplyslnldae, 85. 
Aplysioidea, 499. 
Apodldae, 831. 
Aporosa, 147. 
Aporrhais, 549. 
Appendlcularia, 658. 
Appendicularildae, 658. 
appendiculatus (Diophrys), 

63. 
appendiculatus 

(Hemlurus), 187. 
appendiculatus 

(Polygordlus), 281. 
Apus, 331. 
aquatica (Limnochares), 

448. 
aquatlcus (Gordius). 227. 
Arabella, 290. 
Arachnida, 402. 
Arachnoidea, 400. 
Araneae, 413. 
Araneida, 418. 
Araneus, 425. 



Arbacia, 643. 
Arbacildae, 643. 
arborea (Zonitoides), 526. 
arborescens ( Dend ronotus ) , 

501. 
arbuscula (Chalina), 82. 
arbuscula (Zoothamnium), 

66. 
Area, 571. 
Arcella, 18. 
Arcellidae, 17. 
Archeocytes, 73. 
archeri (Diplophrys), 21. 
Archiannelida, 280. 
architecta (Phoronis), 271. 
Architeuthis, 610. 
Arcidae, 570. 
arctica (Cyanea), 130. 
arctica (Liznacina), 498. 
arctica (Saxicava), 596. 
arenaria (Mya), 594. 
arenaria (Ocypoda), 399. 
arenarius (Clitellio), 310. 
arenarius (Haustorius), 

368. 
arenata (Caudlna), 650. 
arenata (Molgula), 665. 
Arenicola, 299. 
arenicola (Asterias), 631. 
arenicola (Cytherels), 356. 
arenicola (Lycosa), 483. 
Arenicolidae, 299. 
Argas, 445. 
Argasidae, 445. 
argentea (Thuiaria), 107. 
Argiope, 425. 
argo (Argonauta), 612. 
Argonauta, 612. 
Argonautidae, 612. 
Argulidae, 351. 
Argulus, 352. 
argus (Palinurus), 392. 
Argyrodes, 421. 
Aricia, 292. 
Ariclidae, 292. 
Arlolimax, 528. 
Arion, 527. 
Arionidae, 527. 
Arm comb, 686. 
Armadlllididae, 880. 
Armadillidium, 380. 
armata (Funiculina), 138. 
armata (Trachelomonas), 

32. 
armifera (Bifldaria), 516. 
armigera (Daly ell la), 162. 
armigera (Segmentina), 

513. 
Arrhenurus, 452. 
Artemia, 381. 
Arthrobranchs, 384. 
Arthropoda, 323. 



Arthrostraca, 364. 
arthusa (Plumatella), 263. 
Articulamentum, 484. 
Articulata, 3, 4, 826. 
articulata (Opercularia), 

67. 
articulatus (Astropecten), 

626. 
Ascaridae, 224. 
Ascarls, 224. 
Ascidia, 667. 
Ascldiacea, 663. 
Ascidlae compositae, 668. 
Ascidlae luciae, 671. 
Ascidlae slmpllces, 664. 
Ascidiidae, 667. 
Ascon type of sponge, 72. 
AscortUt, 76. 
Asellidae, 377. 
Asellus, 377. 
B8ellus (Oniscus), 879. 
aaensoriatum 

(Stichostemma), 212. 
asperata (Misumena), 428. 
aspersa (Helix), 519. 
Aspldlsca, 64. 
Aspidobothridae, 178. 
Aspidobranchlata, 529. 
A8pidocotylea, 178. 
Aspidogaster, 179. 
Asplanchna, 286. 
Asplanchnidae, 286. 
Asplanchnopus, 237. 
Astacidac, 390. 
Astacidea, 389. 
Astacus, 890. 
Astarte, 577. 
Astartidae, 577. 
Astasia, 33. 
Astaslidae, 82. 
Asteracanthion, 681. 
Asterias, 631. 
asterias (Isocrinus), 621. 
Asterldae, 631. 
Asterlna, 629. 
Asterlnldae, 629. 
asterlscus (Pyramidula), 

522. 
Asteroidea. 628. 
Asterophora, 45. 
Aateropidae, 628. 
Astigmatea, 661. 
Astraeidae, 148. 
Astrangla, 148. 
astreoides (Porites), 147. 
Astropecten, 626. 
ABtrophytidae, 638. 
ABtyris, 557. 
Asymmetron, 673. 
Atom, 451. 
Atlanta, 552. 
Atlantic palolo worm, 290. 
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atlanticum (Pyrosoma), 

671. 
Atlantidae, 552. 
Atoke, 283. 
atra (Ascidla), 667. 
atrica (Zllla). 426. 
atropos (Moira), 645. 
Attldae, 434. 
Attus, 434. 

audax (Phidlppus), 435. 
audebarti (Glottidia), 267. 
audonlni (Pachylomerus), 

416. 
Aulactinla, 143. 
aurantia (Argiope), 425. 
aurantlaca (Parapolia), 

207. 
aurantiacus (Balanoglos- 

sus), 654. 
aurata (Micarla), 430. 
Aureiia, 130. 

aurella (Paramecium), 56. 
aureus (Vol vox), 89. 
Auricles, in Ctenophora, 

152 ; in Plana rla, 165 ; in 

Rotifera, 237. 
auricula (Haliclystus), 127. 
Auricularia, 614, 647. 
auricula rla (Lymiuea), 510. 
Auriculidae, 508. 
aurlformis (Polygyra), 521. 
aurita (Aurella), 131. 
Autolytus, 287. 
Autozoolds, 187. 
autumnalls (Brigone), 428. 
ayara (Columbella), 557. 
avara (Succlnea), 519. 
Aylculariidae, 416. 
Ayicularlum, 249. 
Aviculldae, 573. 
avida (Lycoaa), 483. 
Axial organ, 617. 
Axial sinus, 617. 
Azygia, 185. 
Azygobranchlata, 582. 

Babesia, 47. 

bachel (Nemopsis), 98. 

bachei (Pleurobrachia), 

152. 
balrdi (Octopus), 613. 
bakeri (Brachlonus), 240. 
Balanldae, 361. 
Balanoglossida, 658. 
Balanoglossus, 654. 
balanoides (Balanus), 861. 
Balantidlum, 59. 
Balanus, 361. 

balbianil (Spirocheta), 26. 
balUca (Idotbea), 876. 
baltica (Macoma), 598. 
bancroftl (Fllaria), 219. 



banks! (Onychoteuthis), 

611. 
barbadensis ( FisHurella ) , 

531. 
Barnacle, 360. 
bartonl (Cambarus), 391. 
bastrami (Ommatrephen), 

610. 
Basals, 619. 
Basket fish, 638. 
Basommatophora, 507. 
Bdella, 453. 
Bdellidae, 453. 
Bdellodrllus, 806. 
Bdelloida, 234. 
Bdellonemertea, 213. 
Bdeiloura, 168. 
Bdellouridae, 167. 
Beach fleas, 366. 
Beef tapeworm, 200. 
Beetle mites, 442. 
Bela, 562. 
Belemnitidae, 607. 
benedeni (Tublfex), 310. 
benneti (Amaurobius), 418. 
BeroS, 154. 
Beroidae, 154. 
beroldea (Tintlnnopsis),60. 
Bertla, 198. 
beryUnua (Aaterocanthion) , 

631. 
beumerl (Mesenchytrseus), 

308. 
bicarinata (Valvata), 545. 
bicarlnatus (Planorbis), 

512. 
Bicellarla, 253. 
Blcellariidae, 253. 
Bicidium, 142. 
blcolor (Llneus), 208. 
bicophora (Clytia), 114. 
bicornte (Rattulus), 241. 
bicuspidatus (Cyclops), 346. 
bidentata (Ophiacantha), 

637. 
bifaria (Oxytricha), 68. 
bifida (Doris), 502. 
Bifldaria, 516. 
bigemlna (Babesia), 47. 
bilamellata (Onchidorls), 

602. 
bilimbosum (Cochliopo- 

dium), 18. 
bimaculata (Hahnia), 431. 
bimaculatu8 (Tetranychus), 

455. 
bimlniensls (Ptychodera), 

654. 
Biomyxa, 19. 
Bipaliidae, 168. 
blpartita (Diphyes), 125. 
Bipectinate gill, 529. 



bipes (Nebalia), 864. 
BipinnarU, 614, 625. 
Bird mites, 440, 444. 
Bird spiders, 416. 
Blrgus latro, 393. 
blseriatum (Cbelifer), 409. 
blsuturalls (Odostomia), 

554. 
Blttium, 546. 
Blvalvla, 481, 567. 
Black abalone, 532. 
Black corals, 139. 
Black sand shell. 580. 
Bladder worms, 156, 191. 
Blastostyle, 104. 
blattarum (Gregarlna), 44. 
Blepharisma, 58. 
Blood clams, 571. 
Blood worms, 296. 
Blue crab, 398. 
Blue-foot, 584. 
Bodo, 29. 
Bodonidae, 29. 
Bolina, 153. 
Bolinopsldae, 153. 
Bolinopsis, 153. 
Boltenia, 667. 

bombi (Sphsrularia), 217. 
Book scorpion, 409. 
BodphUus, 446. 
Bopyridae, 381. 
Bopyroides, 881. 
borealis (Cancer), 8^6. 
borealls (Cerianthus), 141. 
boreaHa (Pennatula), 137. 
borealis (Solemya), 569. 
bortolia (Spirorbis), 302. 
borealis Steatoda). 421. 
borealis (Venericardla), 

577. 
borea8 (Crangon), 386. 
boreus (Vejovis), 405. 
Bosmina, 336. 
Bosminidae, 336. 
bostoniensis (Flabellina), 

504. 
Bostrichobranchus, 665. 
Botbriocephaloldea, 193. 
Bothriocephalus, 195. 
Bothriocephalic, 194. 
Bothrioneurum, 811. 
Bothrium, 189. 
BotrylHdae, 668. 
Botrylloldes, 669. 
Botryllus, 669. 
botryoides (Leucosolenla), 

75. 
botrytis (Codonosiga), 29. 
Bougainvlllia, 97. 
Bougainvilliidae, 96. 
Bourgueticrinidae, 621. 
bovis (Demodex), 489. 
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hcvia (Margaropus), 446. 
Bowerbankia, 260. 
Brachials, 619. 
brachlata (Molna), 335. 
Brachlolarla, 625. 
Brachlonldae, 239. 
Brachionus, 240. 
brachionus (Not ops), 237. 
Brachlopoda, 264. 
Brachyura, 394. 
brachyura (Daphnella) , 334. 
Brain coral, 149. 
Branchelllon, 818. 
branchlalis (Lernsea), 351. 
braochlarum 

(Anoplophrya), 57. 
Branchinecta, 831. 
Branchiobdella, 305. 
Branchlocerlanthus, 91. 
Branchlocerlanthus 

imperator, 90. 
Branchlopoda, 329. 
Branchlostoma, 673. 
Branchiostomldae, 673. 
Branchipodidae, 330. 
Branchipus, 330. 
Branchiura, 351. 
brandaris (Murex), 555. 
braslliensis (Peneus). 388. 
brevicauda (Heterakis), 

225. 
brevlpes (Rhabdostyla), 66. 
brevis (Enoplus), 216. 
• brevlsplna (Ophioderma), 

636. 
brevlspinosus ( Cyclops) , 

346. 
brlareus (Thyone), 649. 
Brlsingidae, 638. 
Brit, 340. 
Brittle stars, 633. 
Brood sac, 333. 
brooksii (Balanoglossus), 

654. 
Brown body, 249. 
Brown hydra, 92. 
brucei (Trypanosoma), 30. 
brunnea (Amphitrite), 295. 
brnnnea ( Pleurobrachla ) , 

152. 
Bryobla, 455. 
Bryozoa, 245. 
Buccal plate, 684. 
Bucclnldae, 558. 
Buccinum, 558. 
Bucephalldae, 180. 
Bucephalus, 180. 
bucera (Nephthys), 289. 
Bugula, 254. 
Bulb mite, 442. 
bulblfer 

(Rhynchobothrlus), 203. 



Bullmulldae, 523. 

Bullmulus, 523. 

bulla (Monostyla), 242. 

bull In um (Lembadlon), 56. 

Bulloldea, 496. 

bulloides (Globlgerlna), 21. 

bumpusi (Eplbdella), 174. 

Bunodera, 185. 

Bunodes, 143. 

Bunodidae, 143. 

Bursa, In Nematodes, 215; 

in Ophluroidea, 633. 
Bursarla, 59. 
bursarla (Paramecium), 

56. 
Bursarlidae, 58. 
Busycon, 559. 
Butterfly squid, 609. 
Byssus, 565. 
Bythinia, 541. 

Cabbrba, 253. 
coboti (Salpa), 662. 
Cacospongia, 85. 
Caddo, 411. 

ca?ca (Chlridotea), 376. 
cffica (Micrura), 208. 
Ca?cidotea, 377. 
c838pitosum 

(Cephalothamnlum), 28. 
Calamaries, 609. 
Calamistrum, 414. 
Calanidae, 340. 
Calanus, 340. 

calcarata (Laodlcea), 117. 
Calcarea, 75. 
California shrimp, 386. 
calif ornica (Aplysia), 499 
californica (Nuttalllna), 

488. 
californica (Pleodorina), 

38. 
californica (Pomatiopsls), 

543. 
californica (Trivia), 550. 
californicu8 (Astropecten), 

626. 
callfornicus (Con us), 561. 
calif ornicu8 (Laqueus), 

269. 
callforniense 

(Branchlostoma), 673. 
californiensis (Helix), 520. 
Caligidae, 349. 
caligino8U8 (Helodrllus), 

813. 
Caligus, 349. 
Calllanas8a, 889. 
Callianassidae, 389. 
Callldina, 235. 
Callinectes, 398. 
Calliobothrium, 195. 



Calllopiidae, 368. 
Calliopius, 369. 
Calliostoma, 532. 
Callocardia, 591. 
Callus (in snail shells), 

492. 
Calocalanus, 341. 
Calycella, 112. 
Calyconectae, 124. 
Calyptoblastea, 104. 
Calyx, in Bryozoa, 246; In 

Crinoidea, 619. 
Cambala, 470. 
cambaria ( En tocy there), 

357. 
Cambarus, 890. 
cameo (Cassis), 551. 
campanula (Melicertum), 

117. 
campanula (Vorticella), 

65. 
Campanularia, 110. 
Campanulaiiae, 104. 
Campanularlidae, 110. 
campanulata (Floscularla), 

233. 
campanulatus (PlanorbU), 

512. 
Campeloma, 544. 
campe8tris (Agr loll max), 

527. 
Campodes, 470. 
canadensis (Grantia), 76. 
canadensis (Parajulus), 

470. 
canadensis ( Polydesmus ) , 

471. 
Canal (In Gastropoda), 

529. 
canaliculata (Tornatina), 

497. 
canaliculatum ( Busycon ) , 

559. 
canaliculars 

(Ch83togordlus), 281. 
Cancellaria, 562. 
Cancellariidae, 562. 
cancellata (Leucosolenla), 

75. 
cancellata (Venus), 591. 
Cancer, 396. 
Cancrldae, 396. 
cancroides (Chelifer), 409. 
Candida (Bdelloura), 168. 
candidum (Tetrastemma), 

212. 
Candona, 355. 
caninum (Anchylostoma), 

223. 
caninum (Dipylidium), 

199. 
canis (Ascaris), 225. 
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canis (Sarcoptes), 440. 
Canthocamptus, 348. 
cape rata (Lymnaea), 510. 
capillata (Cyanea), 130. 
capltata (Aulactlnia), 143. 
capltatus (Dendryphantes), 

435. 
Capltella, 297. 
Capltellldae, 297. 
Capltelliformla, 297. 
Capltulum, 445. 
Caprella, 372. 
Caprellidae, 372. 
Caprellldea, 372. 
Capulldae, 538. 
caput-serpentis 

(Terebratulina), 269. 
cara (Cupulita), 124. 
Carapace, 326. 
Carchesium, 66. 
Carclnides, 898. 
Carcinonemertes, 209. 
cardnophila 

(Carcinonemertes), 210. 
Garcinua, 398. 
Cardiacea, 592. 
Cardiidae, 592. 
Cardinal teeth, 564. 
cardinalis (Bdella), 453. 
Cardisoma guanhumi, 394. 
Carditldae, 576. 
Cardium, 592. 
caribbeum 

(Branchiostoma), 673. 
carica (Busy con), 559. 
Caridea, 385. 
Carina, 360. 
Carlnarla, 552. 
carlnata (Cyathura), 374. 
carina ta (Hemlclepsis), 

819. 
carlnata (Neomenla), 484. 
Carinella, 206. 
Carlnellldae, 206. 
Carlnogammarus, 370. 
Carinoma, 206. 
carloca (Hymenolepls), 

200. 
carnea (Cynthia), 666. 
carnea (Podocoryne), 100. 
carneum (Alcyonium), 135. 
caroilnen8is 

(Bougalnvillla),97. 
carollnensls (Lycoaa), 433. 
carollnensls (Pelomyxa), 15. 
carollnensls ( Phllomycus) , 

528. 
carolinianua (Centrums), 

406. 
carollnus (Vejovls), 405. 
carpenterl (Onchidella), 

515. 



Carterius, 82. 

Cartilage (In pelecypods), 

564. 
Carychium, 508. 
Cassldldae, 550. 
Cassis, 551. 

castanea (Astarte), 577. 
castaneiformis (Cynthia), 

666. 
castaneus (Lumbricus), 

313. 
eastaniceps ( Scolopend ra ) , 

475. 
Castlaneira, 430. 
Castor bean tick, 446. 
CaBtrada, 163. 
casus (Stephanochasmus), 

185. 
Cat tapeworm, 201. 
cataracta (Anodonta), 581. 
catascopium (Lymnaea), 

510. 
catenula (Phyllodoce), 280. 
Catenulldae, 161. 
Cathypna, 241. 
Cathypnldae, 241. 
cat! (Sarcoptes), 440. 
Catometopa, 399. 
catostoml (Argulus), 352. 
Cattle tick, 446. 
catula (Elysia), 505. 
cauda ta (Eupleura), 556. 
cauda ta (Platydorina), 38. 
cauda turn (Paramecium), 

56. 
caudatum (Strombldlum), 

60. 
cauda tus (Bodo), 29. 
cauda tus (Polychcerus), 

160. 
caudatus (Priapulus), 276. 
caudatus (Tmarus), 428. 
Caudina, 650. 
cavaliaria (Vortlcella), 65. 
cavatlca (Epeira), 425. 
cavatus (Hyptlotes), 418. 
cavicolens ( Phlegmacera ) , 

413. 
Cavollnia, 498. 
cavolinl (Tana Is), 373. 
Cavolinlldae, 498. 
celata (Cllona), 80. 
Cellarla, 254. 
Cellarildae, 254. 
Cellepora, 259. 
Celleporidae, 259. 
Cellulariidae, 253. 
Cellulose, 34, 655. 
Centlpeds, 473. 
Central teeth, 480. 
Centrechinidae, 642. 
Centrechlnoida, 642. 



Centrechlnua, 642. 
Centripetal canals, 120. 
Centrodorsal, 621. 
Centropages, 342. 
Centropagldae, 341. 
Centropyxis, 18. 
Centruridae, 406. 
Centrums, 406. 
Cephalic disc, 496. 
Cephalic gland, 204. 
cephalicus (Geophilus), 

474. 
Cephallna, 43. 
Cephalochorda, 5. 
Cephalochordata, 671. 
Cephalodlscida, 652. 
Cephalogonlmua, 186. 
Cephalont, 42. 
Cephalopoda, 602. 
Cephalothamnium, 28. 
Cephalothorax, 326, 400. 
Cephalotrtcidae, 206. 
Cephalothrlx, 206. 
Ceraosponglae, 84. 
Cerata, 500. 
Ceratine, 133. 
Ceratlnella, 423. 
Ceratlum, 40. 
ceratophylli (TJmnlas), 

234. 
Cercaiia, 180. 
Cercomonadidae, 27. 
Cercomonas, 27. 
Cerebral organ, 204. 
Cerebral tube. 274. 
Cerebratulu8, 208. 
Cerian these, 140. 
Cerianthus, 140. 
Cerlodaphnia, 835. 
Cerithiidae, 545. 
CerithiopsU, 546. 
cernua ( Pedicel! ina), 248. 
cervl (Paramphlstomum), 

182. 
cervicomis (Acropora), 

146. 
Cestlda, 153. 
Cestodaria, 192. 
Cestodes, 189. 
Cestodes (sensu stricto), 

192. 
Cestum, 153. 
Cha3toderma, 484. 
Chffitodermatlna, 484. 
Cha3togaster, 309. 
Chetognatha, 271. 
Chietogordius, 281. 
Chartonotldae, 243. 
Chstonotus, 243. 
cluetophora 

(Acanthocystis), 23. 
Chetopleura, 487. 
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Chstopoda, 281. 
Chetopterldae, 293. 
Ctuetopterus, 203. 
Chalarathoraclda, 28. 
_Challna, 82. 
Challnidae, 82. 
charon (Euplotes), 63. 
Charybdeidae, 129. 
Cheese mite, 442. 
Chela, 863. 
Chelanops, 410. 
chela ta (Euratea), 252. 
Chelate appendage, 863. 
Chellcerae, 401, 418. 
Chellfer, 409. 
chellfer (Harpactlcus), 

348. 
Chellferidae, 409. 
Chellpeds, 885. 
Chelura, 872. 
Chelurldae, 372. 
Chernea, 410. 
Chestnut shell, 577. 
Chicken mite, 444. 
Chlldla, 159. 
Chlllferldae, 54. 
Chllodon, 54. 
Chllognatha, 467. 
Chilomonas, 36. 
Chllopoda, 473. 
Chllostomata, 251. 
Chiridotea, 376. 
Chlrocephalus, 380. 
Chlrodota, 651. 
Chlropsalmus, 129. 
Chiton, 489. 
Chitons, 484. 
Chlamydodontldae, 54. 
Chlamydomonadidae, 36. 
Chlamydomonadlna, 36. 
Chlamydomonas, 86. 
Chlamydophorida, 23. 
Chlorhemidae, 299. 
chlorotlca (Elysla), 505. 
chlorotlca (Teredo), 599. 
chlorotlcus (Helodrllns), 

313. 
Choanocytes, 72. 
Choanoflagellida, 28. 
Chondracanthidae, 351. 
Chondracanthus, 351. 
Chondrophora, 608. 
Chordata, 652. 
Chordodes, 227. 
Chordonla, 4, 5. 
Choriopte8, 440. 
Chromomonadina, 34. 
chryaaoanthophorua 

(Echlurus), 815. 
chrysalis (Pleuronema), 

56. 
Chrysodmu*, 558. 



Chrysomonadldae, 34. 
Chthonius, 410. 
Chydorus, 337. 
Cldaridae, 642. 
Cldaroida, 641. 
Cilia, 48. 
Clliata, 50. 

clllata (Bicellarla), 254. 
clliata (Euglypha), 19. 
clllata (Grantla), 76. 
clliata (Mlcroporella), 

256. 
clndnnatiensls (Amnlcola), 

542. 
clnclnnatlensis 

(Pomatiopsls), 543. 
clndnnatus (Thelepus), 

296. 
Clnclldes, 133. 
dnctum (Mesodlnlum), 52. 
cinerea (Epeira), 425. 
clnerea (Trochosa), 433. 
clnereus (Urosalpln x), 556. 
clnereum (Phalanglum), 

413. 
Clona, 667. 
Circinaria, 523. 
Circlnarlidae, 523. 
Cirolana, 374. 
Clrolanldae, 874. 
Cirratulldae, 294. 
Clrratulns, 294. 
clrratus (Clrratulns), 294. 
Clrripathes, 139. 
Clrripedla, 358. 
Orrus, 277, 619. 
Clttotamia, 198. 
Cladocarpus, 110. 
Cladocera, 332. 
Clam worms, 288. 
claparedlanus (Limnodri- 

lns), 311. 
clarkl (Gonothyrea), 112. 
clarum (Dlstoma), 667. 
clathrata (Luidla), 626. 
Clathrulina, 28. 
clausa (Natica), 538. 
Clava, 95. 

clavaria (Porltes), 146. 
Clavellna, 668. 
Clayellnidae, 668. 
Clavidae, 94. 
Clepsine, 318. 
Clcpsine plana, 318. 
Clldiophora, 600. 
Clinostomum, 187. 
Cliona, 80. 
Cllone, 499. 
Clionldae, 80, 499. 
Clitelllo, 310. 
CUtellio iroratus, 310. 
Clitellum, 303, 316. 



Clover mite, 455. 
Clubiona, 429. 
Clublonidae, 429. 
Clymenella, 299. 
cly menellae ( Monocystls) , 

46. 
Clypeaster, 644. 
Clypeastrldae, 644. 
Clypeastrolda, 644. 
Clytla, 114. 
Cnemidocoptes, 440. 
Cnidae, 89. 
Cnidarla, 86. 
Cnldoblast, 86. 
Cnidodl, 86. 
coarctatus (Hyas),395. 
Cob-webs, 415. 
Coccidiida, 46. 
Oocoidium, 46. 
coccineum (Trlstoma), 174. 
cochlearis, (Annrea), 289. 
Cochllcopa, 517. 
Cochlicopidae, 517. 
Cochliopodlum, 18. 
Cochlodesma, 601. 
Cockle, 592. 
Cocoon, 303, 816. 
Codoneca, 27. 
Codonecldae, 27. 
Codonocladlum, 29. 
Codonoslga, 29. 
Ccelata, 160. 
Coelenterata, 4, 70. 
CoBlomata, 4. 
Coenenchym, 134. 
Ccpnurus cerebral is, 202. 
oamuruB (Tania), 202. 
coeruleus (Stentor), 59. 
Coffee-bean shells, 550. 
Colaclum, 32. 
coleoptorum (Gamasus), 

444. 
Coleps, 52. 

coll (Balantldlam), 59. 
coll (Entamoeba), 16. 
Collar (molluskB),492. 
Collar cells, 72. 
Collar flagellates, 28. 
Collencytes, 73. 
coloradensis (Branchi- 

necta),331. 
Colpldlum, 55. 
Col pod a, 55. 

colpoda (Colpidium), 55. 
colambae (Megninla), 441. 
Colnmbella, 557. 
Columbellidae, 557. 
columblanus (Ariollmax), 

528. 
Columella (of snail shell), 

492. 
columella (Lymnaea), 509. 
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Coluridae, 242. 

colurus (Monura), 242. 

Comactlnla, 623. 

Comasteridae, 622. 

Comatula, 622. 

Combs, in ctenopbores, 150 ; 

in scorpions, 405. 
Commercial sponges, 84. 
commissuralls (Obella), 

113. 
Common star, 631. 
communis (Asellus), 377. 
communis (Chorioptes), 

440. 
communis (Diplocardia), 

311. 
communis (Lycosa), 433. 
compacta (Suberites), 79. 
complanata (Alasmidonta), 

582. 
complanata (Glossiphonln), 

318. 
complanatus (Unio), 583. 
Complementary male (In 

Cirri pedia), 358. 
Compound eye, 324. 
compressa (Ampelisca), 

368. 
compressum (Gleno- 

dinium),41. 
compressum (Plsidium), 

587. 
concava (Circinaria), 523. 
concava (Kaenikea), 452. 
concentrica (Neoliodes), 

443. 
concharum (Cirolana), 374. 
concharum (Polydora), 

293. 
conchicola (Aspldo- 

gaster),179. 
Conchifera, 567. 
Conchoderma, 361. 
Conchceeia, 358. 
Conchs, 548, 559. 
conclnna (Porella), 258. 
Condylostoma, 59. 
confoederata (Sal pa), 002. 
Congeria, 584. 
conica (Creseis), 499. 
conica (Cyclosa), 425. 
conicum (Paramphlsto- 

mum), 182. 
Conidae, 561. 
Conjugation, 12. 
conkllni (Dinophilus), 280. 
Conochllus, 234. 
conradi (Thracia), 601. 
connpcrsa (Graphosa), 419. 
constellatum (Amarou- 

clum),670. 
constricta (DLfflugia), 17. 



contectoldes (Vivlpara), 

544. 
contorta (Astasia), 33. 
contracta (Corbula), 595. 
Contractile vacuole, 12. 
Conus, 561. 
convallaria (Vorticella), 

65. 
convexa ( Call oca rd la), 591. 
convexa (Crepidula), 539. 
convexus (Cylisticus), 379. 
Convolutidae, 159. 
Copepoda, 339. 
Copeus, 238. 
cophocerca (Oikopleura) 

659. 
Corallidae, 135. 
Coralllum, 135. 
Corals, 132. 
Coras, 431. 
Corbula, 595. 
Cordylophora, 95. 
coriacea (Fontaria), 472. 
Cornulariella, 134. 
Comularildae, 134. 
cornutus (Autolytus), 287. 
cornutus (Cbondra- 

canthus) , 351. 
Corona, 230, 639. 
corona (Difflugia), 18. 
coronata (Doto),504. 
corona ta (Ephelota), 68. 
Coronatae, 127. 
coronatum (Poly stoma), 

176. 
Coronula, 362. 
Coronulidae, 362. 
Coropbiidae, 371. 
Corophium, 371. 
corticaria (Bifldarla), 516. 
Corymorpha, 101. 
Corymorphidae, 101. 
Corynidae, 95. 
Coryphella, 504. 
costata (Alasmidonta), 

582. 
costata (Pholas), 597. 
costata (Siliqua), 595. 
costata (Va lion la), 518. 
Cotnurnia, 67. 
Cotylaspis, 179. 
Cotylea, 171. 
Cotylogaster, 178. 
coutbouyi (Tubularla), 103. 
Cowries, 549. 
Coxal plate, 448. 
Crab spiders, 427. 
Crabs, 394. 

•cracnerodi (Haliotis), 532. 
Cranchiidae, 612. 
Crangon, 386. 
Crangonidae, 386. 



Crania, 268. 
Craniidae, 268. 
Craspedacusta, 119. ~ 
Craspedomonadidae. 28. 
Craspedsomidae, 470. 
Craspedote medusa, 88. 
crassa (Eunicea), 137. 
Crassatellites, 577. 
Crassatellitidae, 577. 
crassicaudura (Tricho- 

soma),221. 
crasslcolia (Tenia), 201. 
crassicornls (Tealia), 143. 
crassipalpi8 ( Ciublona ) , 

429. 
Craasobothrium, 196. 
cratlcula (Membranlporm), 

256. 
cratoparis (Asteropbora), 

45. 
Crayfish, 390. 
crenatus (Balanus), 362. 
Crenella, 572. 
Crepidula, 539. 
Creseis, 499. 
Crlbellum, 414. 
Cribrella, 629. 
Cribriform organs, 627. 
Cribrilina, 256. 
Cribrillnidae, 256. 
Crinoidea, 619. 
Crista, 250. 
Crlsildae, 250. 
crispata (Zirphea), 598. 
crl8patus (Ctenodlscus), 

627. 
crista ta (Arenlcola), 299. 
Cristatella, 264. 
Cristateilidae, 264. 
cristallinus (Lophopus), 

263. 
crocata (Caatianeira). 430. 
crocea (Tubularla), 104. 
Crossobothrium, 196. 
crotali (Porocephalus),457. 
Cruclbulum, 539. 
Crustacea, 326. 
Cryptochlton, 489. 
Cryptodon, 585. 
Cryptoglena, 32. 
Cryptomonadidae, 35. 
Cryptomonas, 36. 
Cryptophialus, 358. 
Cryptops, 475. 
crystallina (Cothurnia), 67. 
crystallina (Sida), 333. 
Crystalline rod, 566. 
crystallinus (Oecistes), 234. 
Ctenldia, 480, 565. 
Ctenobrancniata, 534. 
Ctenodlscus, 627. 
Ctenophora, 150. 
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Ctenostomata, 259. 
cubanum (Myzostoma), 

322. 
Cubomedusae, 128. 
Cuculanus, 224. 
cucullulus (Chilodon), 64. 
cucullus (Colpoda), 55. 
Cucumerla, 649. 
Cucumerlldae, 649. 
cucumerinum (Dipylldium), 

199. 
cucumerte (Tetranychus), 

455. 
cucumls (Berofi), 154. 
Cumacea, 384. 
cumanense (Slphonosoma), 

275. 
Cumlngla, 589. 
cummingl (Ibla),360. 
cuniculi (Eimerla), 46. 
Cunlna, 121. 
Cunoctantha, 121. 
Cup-and-saucer Umplt, 539. 
caprea (Dlopatra),290. 
cupresslna (Thuiarla), 108. 
Cupullta, 124. 
curticorne (Extinosoma), 

848. 
Curvipea, 451. 
Cuspldarla, 602. 
Cuspldarildae, 601. 
Cuttle bone, 608. 
Cuttle fish, 608. 
Cuvler's organs, 646. 
Cyanea, 180. 
Cyaneldae, 130. 
cyanella (Pelagia), 129. 
Cyathocephalinae, 194. 
Cyathocephalus, 194. 
Cyathomonas, 36. 
CyathurL, 374. 
Cyclaa, 586. 
Cycloccelldae, 181. 
Cycloccelum, 181. 
Cyciometopa, 396. 
Cyclophyllidea, 197. 
Cyclopldae, 345. 
Cyclops, 345. 
Cyclosa, 425. 
Cyclosalpa, 662. 
Cyclostomata, 250. 
Oyclostomus (Urceolue), 33. 
Cydippida, 152. 
Cylichnella, 497. 
cylindricum (Corophium), 

371. 
Cyllstlcus, 879. 
Cymotholdae, 375. 
Cynthia, 666. 
Cynthlldae, 666. 
Cyphoderla, 19. 
Cyphonantes, 260. 



Cypnea, 549. 
Cypraeldae, 549. 
Cypria, 355. 
Cyprldae, 353. 
Cyprldlnldae, 357. 
Cypridopsls, 355. 
Cyprlna, 578. 
Cyprinldae, 578. 
Cyprls, 354. 
Cyrenidae, 586. 
Cyrtoceras, 606. 
Cyrtodarla, 596. 
Cystlcercold, 191. 
CyBticercus, 191. 
Cystlcercus boyis, 200. 
Cystlcercus cellulosae, 201. 
Cystlcercus fasciolarls, 202. 
Cystlcercus pisiformis, 201. 
Cystlcercus tenulcollls, 201. 
Cystlcl, 156. 
Cystobranchus, 818. 
Cystoflagellldla, 41. 
Cystonectae, 123. 
Cytberels, 356. 
Cytberldae, 355. 
Cyzlcus, 832. 

Dacttlombtra, 180. 
Dactylophoridae, 44. 
Dactylospherlum, 16. 
Dactylozoolds, 93, 122. 
Daddy longlegs, 410. 
Daisy brittle star, 636. 
Dalyellla, 162. 
Dalyelllldae, 162. 
danae (Astrangla), 148. 
Dapbnella, 334. 
Dapbnla, 334. 
Daphnldae, 334. 
Dart sac, 519. 
Dasydytes, 244. 
Datames, 408. 
Davalnea, 200. 
Davaineidae, 200. 
davenport! (Loxosoma), 

247. 
davenportl ( Micros tomum), 

162. 
davldoffl (Tlntlnnopsis), 

60. 
Dead men's fingers, 82. 
dealbatus (Bullmulus), 523. 
debllls (Diaphana),497. 
Decapods (Crustacea), 384, 
Decapoda (Mollusca), 607. 
decemcostata (Neptunea), 

559. 
declsum (Campeloma), 544. 
decora (Macrobdella), 820. 
deflectus (Planorbis), 513. 
delphlnodonta (Nucula), 

568. 



demissus (Modiolus), 572. 
democratica (Salpa),662. 
Demodex, 439. 
Demodicidae, 439. 
Demosponglae, 78. 
Dendroclavldae, 102. 
Dendrocoelum, 166. 
Dendronotldae, 500. 
Dendronotus, 501. 
Dendrosoma, 69. 
Dendrosomidae, 69. 
Dendryphantes, 435. 
dentale (Dentallum), 491. 
Dentallldae. 491. 
Dentallum, 491. 
Dentary apparatus, 640. 
dentata (Antedon), 622. 
dentata (Arceila), 18. 
dentata (Hyalella), 868. 
denticulatum (Dollolum), 

661. 
denticulatum (Penta- 

s to mum), 457. 
Dentlculus elepbantls, 490. 
depressa (Ampullaria), 545. 

depressus (Panopeus), 397. 
derbaml (Tegenarla), 431. 

Dermacentor, 447. 

Dermaleichldae, 440. 
DermaleichuB, 441. 

Dermany8SU8, 444. 

Dermasterlas, 628. 

Dero, 309. 

descrlpta (Castlanelra), 
430. 

deses (Euglena),32. 

Desmothoraclda, 23. 

Desor's larva, 205. 

despectus (Terglpes) , 505. 

desplclens (Dlplodontus), 
450. 

Deutomerlte, 43. 

Devll-flsb, 602, 613. 

Diodema, 642. 

dladema (Coronula), 362. 

dlademata (Tlaropsls), 114. 

dianthua (Hydroides), 802. 

Dlaphana, 497. 

Dlaptpmus, 348. 

Dlastylidae, 384. 

Dlastylls, 384. 

Dibothriocepholu8, 194. 

Dibothrium, 195. 

Dlbranchlata, 606. 

dlbranchlata (Glycera), 
291. 

Dlchelestlidae, 850. 

Dlcbelestlum, 350. 

dlcbotoma (Amathla), 261. 

dlcbotoma (Obella),113. 

dlchotoma (Plexaurella), 
137. 
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Diclldophora, 176. 
Dictyna, 418. 
Dlctynldae, 418. 
Dlctyocaulus, 222. 
Dldemnum, 671. 
Didemnidae, 670. 
Didlnlum, 52. 
dlfferens (Theridion), 422. 
Difflugla, 17. 
diffusa (Ocullna),148. 
diffusa (Plumatella), 268. 
Dlgenea, 179. 
Digenetic trematodes, 172. 
digitale (Peridinium),40. 
digitalis (Aglantha), 120. 
digitatnm (Cochllopodlum), 

18. 
dilatata (Euchlanis), 242. 
DUeptus, 58. 
dimtnnta (Hymenolepis), 

200. 
Dina, 321. 
Dinif erida, 40. 
Dinobryon, 84. 
Dinocharidae, 240. 
Dlnoflagellidla, 89. 
Dlnophllidae, 280. 
Dlnophllns, 280. 
Dlnophysldae, 41. 
Dioctophyme, 222. 
diogenes (Cambarns), 892. 
Dlopatra, 290. 
Diophrys, 68. 
Diotocardla, 529. 
Diphasia, 107. 
Dlphyes, 125. 
Dlphyldae, 125. 
Diphyllobothriidae, 193. 
Diphyllobothrtinae, 194. 
Diphyllobothrinm, 194. 
Diplocardla, 311. 
Diplocentrus, 405. 
Diplodiscus, 182. 
Diplodontus, 450. 
Dlplogaster, 217. 
Dlplophrys, 21. 
Diplopoda, 467. 
DIplostomum, 188. 
Dlpneumones, 416. 
Dipurena, 96. 
Dipylldiidae, 199. 
Dipylldium, 199, 
Directives, 138/ 
directus (Ensfs), 595. 
Discocotyle, 176. 
DiscodrWidae, 305. 
discolor (Holophrya), 51. 
Dlsconectae, 123. 
Discoporella, 251. 
dlscors (Modiolarla), 572. 
discus (Doslnia), 591. 
dislocata (Terebra), 561. 



dispar (Eudendriam), 99. 
Dissepiment. 277. 
distichus (Pterodrilus), 

306. 
Distoma : 

in Trematodes, 172. 

in Tnnicata, 669. 
Dlstomata, 182. 
Distomlda, 182. 
Distomidae, 669. 
Ditremata, 514. 
Dlarella, 241. 
divaricata (Po rites), 147. 
divergens ( Peridlnlum) , 40. 
diversa (^Jolidia), 503. 
di versicolor (Aphanoa- 

toma) , 159. 
divisa (Acineta),68. 
divlsns (Tagelus), 596. 
Docoglossa, 530. 
dodgei (Dalyellla), 162. 
Dog tick, 447. 
Dollchoglossus, 654. 
Doliidae, 550. 
Doliocystidae, 45. 
Doliocystis, 45. 
Doliolnm, 661. 
Dollum, 550. 
Dolomedes, 432. 
domicilioram (Bpelra), 

426. 
Donacldae, 589. 
Donaz, 589. 
Doridldae, 502. 
Doridioidea, 501. 
Doris, 502. 
Dorsal lamina, 656. 
dorsalis ( Oersted la), 218. 
dorsalis (Pallifera), 528. 
dortocephala (Planarla), 

166. 
Dorylalmus, 216. 
Doslnia, 591. 
Doto, 504. 
Dotonidae, 504. 
draco (Pterosagitta),272. 
Draasldae, 419. 
Drassns, 419. 
Drelsseniidae, 584. 
drobachiensis (Strongylo- 

centrotus) , 644. 
dnbla (Libinia), 395. 
dujardini (Echinoderes), 

244. 
dujardini (Halisarca), 86. 
duodeclmallg (Eucheilota), 

115. 
doodenale (Anchylostoma), 

228. 
duplies ta (Natica), 537. 
dupllcatue (Astropecten), 

626. 



duttoni (Tibellus), 429. 
Dwarf tapeworm, 200. 
Dysdera, 419. 
Dysderidae, 419. 
dysentarlae (Entamoeba), 
16. 

Ear shells, 531. 
Earthworms, 312. 
Ebo, 428. 

eburnea (Crista) ,250. 
eburnemi (Balanus), 862. 
Ecardinea, 267. 
Bcheneibothrium, 197. 
Echinarachnius, 644. 
Echlnaster, 629. 
Echinasteridae, 629. 
echinata (Cynthia), 667. 
echinata (Hydractinla), 

100. 
echinata (Thenea) , 78. 
ecblnatum (Echlnostoma), 

184. 
Echlnide, 643. 
Echiniscus, 458. 
Bchinocephalus, 44. 
Echlnococcas, 202. 
Bchinococcus polymorphos, 

202. 
echinococcua (Tenia), 202. 
Echinoderes, 244. 
Bchinoderidae, 244. 
Echinodermata, 614. 
Echlnoidea, 638. 
Echinomera, 44. 
Echinorhynchidae, 229. 
Echlnorhynchmi, 229. 
Echlnostoma, 184. 
Echinothuriidae, 642. 
Echlurlda, 314. 
Echiurus, 815. 
Bctino8oma, 348. 
Ectocyst, 245. 
Ectopleura, 102. 
Ectoprocta, 248. 
Ectosarc, 11. 
edaw (Cyclops), 346. 
edentulQB (Stropbitus), 

581. 
Edible crab, 898. 
Edible mussel, 571. 
Edible snail. 519. 
Edotea, 877. 
edulis (Mytilns),571. 
edwardst (Lepeoph- 

theirus),350. 
edwardsi (Pontocyprls), 

355. 
edwardsi (Psendocyther- 

etta),356. 
edwardsi (Scyltea), 500. 
EdwardBia, 140. 
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Edwardsiae, 139. 
Edwardslella, 140. 
Eelworm, 224. 
Egg sacs, 330, 839. 
ehrenbergi (MesoBtoma), 

163. 
ehrenbergi (Paludicella), 

261. 
elchhornl (Actinospha*- 

rium),23. 
eichhorni (Stephanoceras), 

238. 
Elmeria, 46. 
elseni (Perlpatus), 463. 
eiaeni (Sparganophilus), 

812. 
Eisenia, 313. 
Eisenlella, 314. 
ElasmopuB, 370. 
electus (Dermacentor), 

447. 
elegans (Callidlna), 235. 
elegans (Clathrullna), 23. 
elegans (Cuculanus), 224. 
elegans (Ed ward 8 la), 140. 
elegans (Eudorlna), 38. 
elegans (Fungia), 150. 
elegans (GloBslphonla), 

318. 
elegans (Gyrodactylus), 

177. 
elegans (Rapbldlophrya), 

23. 
elegans (Sagltta), 272. 
elegans (Tetrastemma), 

212. 
elegans (Turbonllla), 554. 
elephantis (Denticulus), 

490. 
elevatum (Pleurocera), 

547. 
ellnguis (Nais),808. 
elllpticus (Renifer), 185. 
elllpticus (Stylochns), 170. 
elllsl (Caberea),253. 
Eloactis, 142. 
elod€8 (Lymnam), 510. 
elongata (Maldane), 298. 
elongata (Monas),28. 
elongata (Physa), 512. 
Elysla, 505. 
Elyslidae, 505. 
Elysioldea, 504. 
Elytra, 284. 
emarglnata (Galumna), 

443. 
emarglnata (Llblnla), 395. 
emeraoni (Amlcnla), 489. 
emissarlus (Haplotaxis), 

306. 
Emplectonema, 209. 
Bmplectonematidae, 209. 



empusa (Pallene), 460. 
empusa (Squllla), 384. 
Enchellnldae, 50, 51. 
Enchelys, 51. 
Enchytreldae, 806. 
Enchytneus, 307. 
Enchytrwus triventrolo- 

pectinatu8, 309. 
Encope, 645. 
Encystment, 12. 
endeca (Solaster), 630. 
Endltes, 414. 
Endodontidae, 522. 
Endopodlte, 326. 
Endostyle, 655. 
Enoplidae, 216. 
Enoplobranchus, 296. 
Bnoplus, 216. 
Ensis, 595. 

en tale (Dentaliam), 491. 
Entamoeba, 16. 
Enteropneusta, 652. 
Entoconcha, 494. 
Entocythere, 357. 
Entomostraca, 328. 
Entoprocta, 246. 
Entosarc, 12. 
Entosiphon, 34. 
Entozoa, 156. 
entozoon (Balantldium), 

59. 
Eoplacophora, 486. 
Epelra, 425. 
Epeirldae, 424. 
Ephelota, 68. 
Ephlpplum, 838. 
epblpplum (Anomla), 570. 
Ephydatia, 81. 
Ephyra, 125. 
Ephyropsidae, 128. 
EpiactlB, 148. 
Epibdella, 174. 
Epiblemum, 435. 
Eplcardium, 670. 
Eplclintes, 61. 
Eplgynum, 415. 
Bplmerite, 43. 
Epipbragm, 506. 
Eplpodlum, 479. 
Epischura, 343. 
EpiBtome, In Bryozoa, 246, 

262 ; in Phoronldea, 270 ; 

In Acarina, 436. 
Epistylis, 66. 
Epitoke, 283. 
Epizoantbns, 141. 
equina (HlppoBpongia), 85. 
eqninas (Strongylus), 224. 
equorum (Ascaris), 225. 
erecta (Pottslella), 262. 
eremita (Pbascolosoma), 

275. 



Eremobatee, 408. 
Brgasidae, 348. 
Ergasilus, 349. 
Erichsonella, 377. 
Erigone, 423. 
Erlnenm, 438. 
Eriophyes, 438. 
Erlophyldae, 488. 
Erycinldae, 585. 
erythropygns (Euryorus), 

472. 
Escharidae, 257. 
escnlenta (Rhopllema), 131. 
esculentU8 (Tripneustes), 

648. 
Esperella, 83. 
Esperellidae, 83. 
Estheria, 332. 
Eteone, 286. 
Eucheilota, 114. 
Euchlanldae, 242. 
Euchlanis, 242. 
Eucldaris, 642. 
Euconulns, 525. 
Eucopepoda, 340. 
Eocopldae, 112. 
Encratea, 252. 
Eucrateidae, 252. 
Eudendrildae, 98. 
Eudendrinm, 98. 
Eudorlna, 38. 
Eudoxla, 125. 
Euglandina, 524. 
Euglena, 31. 
Euglenlda, 81. 
Euglenidae, 81. 
Euglypha, 19. 
Euglyphldae, 19. 
Eugyra, 665. 
Eukrohnia, 272. 
Eulalia, 286. 
Eulamellibranchiata, 

575. 
Eullma, 553. 
Eulimldae, 553. 
Eunice, 289. 
Eunicea, 136. 
Euplectella, 77. 
Euplectellidae, 77. 
Eupleura, 556. 
Euplotes, 63. 
Euplotldae, 63. 
Euryalae, 638. 
Euryale, 635. 
EurycercuB, 336. 
Eurypanopeus, 397. 
Eurypauropodldae, 467. 
Eurypauropus, 467. 
Eurytemora, 342. 
Euryuru8, 472. 
Eu8pongia, 84. 
Eustrongylus, 222. 
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Euthyneura, 404. 
Buthyneurous gastropods, 

493. 
Eutima, 115. 
Eutreptia, 32. 
Evadne, 838. 

evansl (Trypanosoma), 30. 
ezacutus (Planorbls), 513. 
exanthema (Cypnea),550. 
ezclsas (Nothrus), 443. 
exlgua (Lirlope), 120. 
exiguum (Carychlum), 508. 
exlmius (Poly cirrus), 296. 
Exopodite, 826. 
exotica (Llgyda), 380. 
expansa (Moniexia), 199. 
exsculpta (Cyprla), 855. 
extendens (Eylals),449. 
extensa (Tetragnatha), 

427. 
Exumbrelia, 88. 
Exuviella, 39. 
Eylalnae, 448. 
Bylals, 448. 

Fabricia, 801. 
fabricil (Psolus),650. 
Fairy shrimp, 380. 
falcata (Hydrallmania), 

108. 
falciparum (Plasmodium), 

47. 
fallax (Diphasla),107. 
faUaw (Pupoides), 516. 
famillaris (Marplssa),435. 
fareta (Urotricha), 51. 
farinacea (Halcampa), 142. 
farinae (Tyroglyhus), 442. 
fasclatus (Gammani8), 

370. 
fasclcularls (Lepas),360. 
fa8clculatus (Polyxenus), 

473. 
Fasclola, 183. 
fasclola (Lionotus), 53. 
Feather-stars, 619. 
ferox (Amaurobius), 418. 
ferussacianu8 (Anodon- 

toldes),583. 
fervlda (Herpobdella), 321. 
festlvus (Murex),555. 
flbrexllls (Esperella), 83. 
Fiddler crabs, 399. 
Fllaria, 219. 

Alalia (Dlctyocaulus), 222. 
Fllarlldae, 219. 
Fllibranchiata, 570. 
fllif ormls ( Erichsonella ) , 

377. 
filiform! a (Notomastus), 

297. 
Fillstata,419. 



Flllstatldae, 419. 
Filograna, 302. 
fllosa (Luclna),585. 
fimbria (Tubulipora), 251. 
flmbriata (Ammotrypane), 

298. 
fimbriata (Oyrocotyle) , 

192. 
flmbriata (Xylotrya), 599. 
fimbria tus (Stephanoceros), 

233. 
Final host, 180, 191. 
Finger shell, 549. 
Finger sponge, 82. 
flnmarchicus (Calanus), 

340. 
fisslceps ( Cera tinella), 424. 
Flssurella, 531. 
Fissurellldae, 531. 
fistulosa (Cellaria), 254. 
flabellaris (Tubulipora), 

250. 
flabeliata (Bugula), 254. 
Fiabelllna, 504. 
Flabellum, 147. 
flabellum (Oorgonla), 136. 
flabellum (Oikopleura), 

659. 
flacclda (Ophlomyia), 637. 
Flagellata, 24. 
Flagellate chambers, 72. 
Flagellidia, 25. 
flagelliformis (Aplyslna), 

85. 
Flagellum, in crustaceans, 

327, 863 ; in gastropods, 

519 ; In protozoans, 24. 
Flame cells, 156. 
Flatworm8, 156. 
flavicans (Eplstylls), 66. 
flavicornls (Campodes), 

470. 
flavidula (Aurella), 131. 
flavldus (Spintharus),421. 
flavus (Limax), 526. 
flexllls (Cladocarpus), 110. 
fiexuosa (Campanularla), 

111. 
Float, 262. 

Florida crayfish, 392. 
florid ana (Holothuria), 

649. 
florldana (Monocotyle), 

175. 
florldana (Waldhelmia), 

269. 
floridanus (Conus), 562. 
Floscularla, 232. 
Flosculariidae, 232. 
Flukes, 171. 
Flumlnicola, 542. 
Flustra, 255. 



Flustrella, 260. 
Flustrellidae, 260. 
Flustridae, 255. 
fluviatilis (Anodonta), 581. 
fluviatilis (Ephydatia),81. 
Flying squids, 610. 
foetlda (Eisenia),318. 
foliacea (Amphlllna), 192. 
foliacea (Dlctyna),418. 
foliacea (Flustra), 255. 
follata (Luidia),627. 
follata (Epeira),425. 
foliatum (Phyllobothrium), 

197. 
folium (Asterina),629. 
folium (Leptoplana), 171. 
folliculorum (Demodex), 

439. 
fontanus (Dolomedes), 432. 
Fontaria, 472. 
fontarlae (Amphoroldes), 

45. 
fontlnalls (Lernsopoda), 

351. 
Food vacuole, 12, 49. 
Foot (in mollusks), 479. 
Foramlnlfera, 14, 21. 
forbesi (Asterlas), 631. 
forbcM (Cyclops), 346. 
forceps (Scutlgera),477. 
Forclpulata, 631. 
forflcatus (Lithobius),476. 
forficula (Furcularia), 

238. 
formica (Synemoeyna), 

436. 
formldabllis (Eremobatea), 

408. 
formosa (Heteromysis), 

383. 
formosa (Tlma), 115. 
fornicata (Crepiduia), 539. 
forskall (Bero$),154. 
fossor (Donax), 589. 
fossularis (StylaHa),S09. 
fossulata (Unionlcola), 

451. 
fragills(Ascortis),76. 
fragilis (Janthlna),535. 
fragilis (Leucosolenla),76. 
fragilis (Scolopos),292. 
fragilis (Spongilla). 81. 
franclscana (Artemla), 331 
franciscorum (Crangon), 

386. 
Fredcricella, 262. 
Fredericellidae, 262. 
Fredericia, 307. 
French snail, 519. 
Fresh-water clams, 578. 
Fresh-water mites, 447. 
Fresh-water mussels, 578. 
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Fresh-water oligochrots, 

808. 
Fresh-water snails, 506. 
Fresh-water sponges, 80. 
Fringed tapeworm, 199. 
Frltlllarla, 559. 
frondeum (Therldion),422. 
frondosa (Cucumeria), 649. 
Frontal appendages, 330. 
Frontal organs, 205. 
Frontonia, 54. 
fucata (Leodlce), 200. 
fulgens ( Hallo tls), 532. 
Fulgur, 559. 

fulgurans (Nerlta), 534. 
fulgurans (Podocoryne), 

100. 
fullglnosa (Omphallna), 

525. 
fulva (Cyanea),130. 
fulva (Llnota?nia),474. 
fulvus (Euconulus),525. 
fundull (Argulus),352. 
fundull (Plsclcola),317. 
Fungacea, 149. 
Fungla, 150. 
Funglldae, 150. 
Funlcnllna, 138. 
Funlculinldae, 138. 
Funiculus, 248. 
Funnel, 602. 
Funnel-web spiders, 430. 
Furca, 339, 352. 
furcata (Frltlllarla), 659. 
furcata (Porltes), 147. 
Furcularla, 238. 
ifusca (Glosslphonla), 3J8. 
fusca (Hydra), 92. 
fusca (Odostomla), 554. 
fuscata (Cypris),354. 
fuslformls (Rhlzogeton), 

95. 
fuslformls (Salpa),662. 
fusus (Ceratlum), 41. 

galba (Hyperla),365. 
galea (Dollum), 550. 
Gall mites, 438. 
galllnae (Dermanyssus), 

444. 
Galumna, 443. 
GamaBidae, '443. 
Gamasus, 444. 
gamblen8e (Trypanosoma), 

30. 
Gammarldae, 369. 
Gammarldea, 366. 
Gammanifl, 369. 
gardenl (Mnemlopsls), 153. 
gardlneri (Anaperus), 159. 
gardlnerl (Dlnophllus), 

280. 



gasterostel (Schisto- 

cephalus), 194. 
Gasterostomata, 180. 
Oasterostomum, 180. 
Gastranella, 588. 
Gastrodonta, 526. 
Gastropoda, 492. 
Gastrotricha, 243. 
Gastrovascular space, 86. 
Gastrozoold, 93, 122. 
gayl (Sertularella), 106. 
Gebla, 389. 
Oelasimus, 399. 
gelatlnosa (Obelia), 114. 
Gem shell, 591. 
Gemellarla, 253. 
Gemma, 591. 
gemma (Gemma), 591. 
Gemmarla, 96. 
gemmosa (Gemmarla), 96. 
Gemmules of sponges, 73. 
genlculata (Obelia), 114. 
Genital bursa, 633. 
Genital plate, 640. 
Geodla, 78. 
Geodlldae, 78. 
geographlca (Hydrachna), 

449. 
geometrlca (Caprella), 372. 
Geonemertes, 210. 
Geophllidae, 474. 
Geophllus, 474. 
Geoscolecldae, 312. 
Gephyrea, 272. 
Geryonlldae, 120. 
gesserensin (Linens), 207. 
Giant clam, 589. 
Giant scallop, 575. 
Giant squids, 610. 
glbberosa (Mangora) , 427. 
glbbosus (Unlo),583. 
glbbus (Tagelus),596. 
Gld tapeworm, 202. 
glgantea (Gnaphosa), 419. 
gigantea (Scolopendra), 

475. 
glganteus (Mastlgoproc- 

tus),407. 
Glgantorhynchidae, 230. 
Gigantorhynchus, 230. 
gigas (Dloctophyme), 222. 
glgas(Epelra),426. 
gigas (Gigantorhynchus), 

230. 
glgas (Strombus), 548. 
glgas (Trldacna),592. 
Girdle (In Chitons), 484. 
glaber (Bothrioneurum), 

311. 
glabrum (Myzostoma), 322. 
glandula (Crenella), 573. 
Glass sponges, 77. 



Glenodinlum, 41. 
globator (Volvox), 39. 
Globlgerlna, 21. 
Globlgerinldae, 21. 
globosa (Epelra),426. 
globulosa (Dlffugla), 17. 
Glochldlum, 679. 
Glos8lphonia t 318. 
Glosslphonlldae, 318. 
Glottldla, 267. 
Glove-sponge, 84. 
Glycera, 291. 
Glycerldae, 291. 
Gnaphosa, 419. 
Gnathobdelllda, 819. 
Gnathochilarlum, 467. 
Gnathopod, 365. 
Gonanglum, 104. 
Goniada, 291. 
Goniasterldae, 627. 
Gonioba8ls, 547. 
Gonionemus, 118. 
Gonium, 37. 
gonocephala (Planarla), 

166. 
Gonosome, 90. 
Gonotheca, 104. 
Gonothyrea, 112. 
Gonozooids, 122. 
goodei (Flabellum), 147. 
Goose barnacle, 860. 
Gordlacea, 225. 
Gordlldae, 227. 
gordloldes (Haplotaxls), 

306. 
Gordlus, 227. 
Gorgodera, 186. 
Gorgoderlna, 186. 
Gorgonacea, 185. 
Gorgonla, 136. 
Gorgoniidae, 135. 
Gorgonocephalus, 638. 
gossypina (Hlppospongla), 

85. 
gouldi (Botryllu8),669. 
gouldl (Cryptodon),585. 
gouldi (Llmnetls),832. 
gouldi (Pectinaria),297. 
gouldl (Phascolosoma), 

275. 
gouldi (Retusa),497. 
gouldiana (Clldlophora), 

600. 
gracile (Emplectonema), 

209. 
gracile (Gymnodlnlum), 41. 
gracile ( Prosthlostomum ) , 

171. 
gracllescens (Bucephalus), 

181. 
gracilis (Artemla), 331. 
gracilis (Bowerbankia), 260. 
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gracilis (Capltella), 297. 
gracilis (Codoneca), 27. 
gracilis (Lampsllis), 580. 
gracilis (Phagocata), 167. 
gracilis (Podophrya),68 
gracilis (Urnatella) 247. 
gracillima (Schlzotrlcha), 

110. 
graffl (Dendroccelum), 166. 
grande (Diplostomum), 

188. 
grande (Llobunum), 412. 
grande (Stenostomum), 

161. 
grandlnella (Halteria),60. 
grandis (Anodonta), 581. 
grandis (Cirratulus), 294. 
grandis (Hap mo pis), 320. 
grandis (Onychodromus), 

62. 
grandis (Pennatula), 137. 
Grantla, 76. 
Grantiidae, 76. 
granulatus (Scytonotus), 

472. 
granulosus (Echlnococcus), 

202. 
Graptollberis, 336. 
Grass spider, 431. 
Grass sponge, 85. 
grata (Rathkea), 98. 
gratiae (Scutigerella), 466. 
Green abalone, 532. 
Green crab, 398. 
Green hydra, 92. 
Green snail, 533. 
Green urchin, 644. 
greenl (Cerithlopsis),546. 
Gregarlna, 44. 
Gregarinida, 42. 
Gregarinldae, 43. 
Grlbble, 375. 
grisea (Hydra), 92. 
griseus (Prorodon), 51. 
grcenlandlca (Natlca), 538. 
grcenlandlca (PhyllodocS), 

286. 
grcenlandlca (Scalaria), 

535. 
groenlandlca (Zygodoctyla), 

116. 
grcenlandlcus (Serripes), 

593. 
Gromia, 20. 
Gromiidae, 20. 
grossa (Malacobdella), 213. 
grosslpes (Nymphon), 461. 
Guinea worm, 220. 
Gunda, 167. 

gutta (Amphlleptus), 53. 
Gymnoblastea, 93. 
Gymnodlnlum, 41. 



Gymnoglosaa, 553. 
Gymnolemata, 249. 
gymnota (Coryphella), 

504. 
Gynogonldia, 89. 
Gyratiricidae, 163. 
Gyratrix, 164. 
gyrftoa (Physa),511. 
Gyroceras, 606. 
Gyrocotyle, 192. 
Gyrodactylldae, 177. 
Gyrodactylus, 177. 

Hadromeeina, 79. 
Hadrurus, 405. 
haematobium 

(Schistosoma), 187. 
Haemopls, 320. 
Htemosporidilda, 46. 
Hahnia, 431. 
Hair worms, 218, 225. 
Halacaridae, 458. 
Halacarus, 453. 
Halarachne, 437. 
Halcampa, 142. 
Halcampldae, 142. 
haleclnum (Haleclum), 

110. 
Haleclum, 110. 
Haleremlta, 92. 
Halichondrina, 80. 
Haliclystus, 127. 
Hallcondria, 83. 
Halimocyathus, 127. 
Haliotldae, 531. 
Haliotis, 531. 
haliotoidea (Testacella), 

524. 
haliotoidea, (Velutina), 

538. 
Hallpegus, 186. 
Hallsarca, 86. 
Hallsarcidae, 85. 
Halter's organ, 445. 
Halocynthia, 667. 
Halocypridae, 357. 
Halocyprls, 357. 
Halopsis, 116. 
Halter la, 60. 
Halteriidae, 60. 
hamata (Eukrohnla), 272. 
Hamlnea, 497. 
hammonls (Vltrea), 525. 
Hanleyia, 486. 
haplonema (Tamoya), 129. 
Haplotaxldae, 306. 
Haplotaxis, 306. 
Hard-shell clam, 590. 
HarmothoS, 285. 
Harp shell, 560. 
Harpa. 560. 
Harpactlcldae, 347. 



Harpacticug, 348. 
harpae (Acroperus), 336. 
barpularia (Bela), 562. 
Harrlmania, 655. 
Harrimaniidae, 654. 
harrardlensls (Alderia), 

505. 
Harvest mites, 453. 
Harrestmen, 410. 
hassalll (Polystoma), 176. 
hastata (Aphrodlta), 284. 
hattatus (Calllnectes). 398. 
Hatchet-back, 582. 
Haustorius, 368. 
Hectocotylus, 604. 
helgolandicus 

(Phonorhynchua), 163. 
HeUcidae, 519. 
Helicina, 534. 
heUcina (Margarita), 533. 
Hellcinidae, 534. 
Hellodlscu8, 523. 
heliophila (Stylotella), 84. 
Heliozoa, 21. 
Helix, 519. 
helluo (Lycosa),433. 
Helodrilus, 813. 
Hemlchorda, 5, 653. 
Hemichordata, 652. 
Hemiclepsls, 319. 
hemlstoma (Aglaora), 120. 
Hemlstomum, 188. 
Hemiurus, 187. 
hemphllli (Palllfera), 528. 
bemprichi (^olosoma), 

805. 
Henricia, 629. 
hepatica (Fasciola). 183. 
herbsti (Panopeus), 897. 
Hermceidae, 504. 
hermaphroditus 

(Gyratrix). 164. 
Hermellldae, 803. 
Hermelllformla, 302. 
Hermit crabs, 393. 
beros (Natica), 537. 
heros (Scolopendra), 475. 
Herpetomonas, 27. 
Herpobdella, 321. 
Herpobdellldae, 321. 
herrlcki (Asplanchna), 236. 
Hesionidae, 287. 
Heterakis, 225. 
beterochells (Alpheus), 

388. 
heteroclita (Glossiphonia). 

319. 
Heteroccela, 76. 
Heterocotylea, 172. 
Heterodera, 217. 
Heteroma8tlgda, 29. 
Heteromeyenia, 81. 
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Heteromonadldae, 27. 
Heteromysls, 383. 
Heteronemertea, 207. 
Heteronereis, 288. 
Heterophils, 23. 
Heteropoda, 551. 
beterostropha (Physa), 

511. 
Heterotrichida, 57. 
Hexactlnellidae, 77. 
Hexactiniae, 141. 
hexagonus (Hyroides), 302. 
Hexamitus, 81. 
bexaptera (Sagitta) t 272. 
bexaris (Asp id I sea), 64. 
hibernalls (Pllistata), 419. 
bincksi (Campan alalia), 

111. 
Hinge (in pelecypods), 564. 
Hlppa, 398. 
Hippasteria, 627. 
Hippldae, 898. 
Hlppolyte, 387. 
bippolytes (Bopyroldes), 

882. 
Hipponoi, 643. 
Hippospongla, 84. 
Hlrcinla, 85. 
birsuta (Polygyra),521. 
birsutum (Alcyonidiam), 

260. 
birsutus (Hadrurus), 405. 
birsutus (Planorbls), 518. 
birtus (Coleps) ( 52. 
birudlnaceus 

(Gigantorhynchus), 230. 
Hlrudlnea, 815. 
Hlrudinldae, 820. 
Hlrudo, 320. 
birundoides ( Eury temora ) , 

848. 
blspida (Echlnomera), 44 
biapida (Flustrella), 260. 
blspida (Llchenopora), 251. 
blspida (Tethya),79. 
blspida (Trachelomonas), 

82. 
blspldlpes (Leptodesmus), 

472. 
histolytica (Entamoeba), 

16. 
bistrionlca (Limnesia), 

452. 
bofmannl (Castrada), 168. 
bolmanl (Chirocephalas), 

330. 
Holomlsis, 91. 
Holophrya, 51. 
Holopidae, 621. 
Holopus, 621. 
Holosticha, 62. 
Holostomata, 187. 



Holostomum, 188. 
Holothuria, 648. 
Holothuriidae, 648. 
Holothurioldea, 646. 
Holotrichida, 50. 
Homarus, 389. 
homlnis (Babesia), 47. 
homtoUs (Sarcoptee), 440. 
Homoccela, 75. 
Hookworm, 223. 
booperi (Stylactis), 100. 
Hoplonemertea, 209. 
Hoplorhynchus, 45. 
Horny mites, 442. 
Horse leech, 320. 
Horse mussels, 572. 
Horse sponges, 84. 
Horseshoe crabs, 400. 
hortensis (Arion), 527. 
hortensis (Helix), 520. 
hortornm (Leocaoge), 427. 
hufelandi (Macrobiotus), 

458. 
humills (Lymn*a),510. 
huwleyi (Oikopleara), 659. 
haxelyi (Paaropus), 467. 
hyacinth! (Rhlzoglyphus), 

442. 
hyaclnthlna ( Periphylla ) , 

128. 
Hyalea, 498. 
Hyalella, 867. 
hyallna (Cryptops) , 475. 
hyalina (Daphnla), 835. 
hyallna (Leptodora) , 888. 
hyalina (Lyonsia), 600. 
hyalina (Schizoporella), 

257. 
hyalinis (Pamphagus), 21. 
Hyalonema, 77. 
Hyaftmematldae, 77. 
/ ~l!yas, 895. 
hyattl (Rossia),609. 
Hybocodon, 102. 
Hyctia, 435. 
Hydatina, 237. 
Hydatinldae, 287. 
Hydra, 92. 
Hydrachna, 449. 
Hydrachnidae, 447. 
Hydrachnlnae, 449. 
Hydractinia, 100. 
Hydractlnlidae, 99. 
Hydrallmanla, 108. 
Hydranth, 91. 
Hydrariae, 92. 
Hydroblidae, 541. 
Hydrocaulus, 91. 
Hydrocladia, 108. 
Hydrocoralllnae, 93. 
Hydrold type of structure, 

87. 



Hydroides, 802. 
Hydrolds, 86. 
Hydromedusae, 90. 
Hydrorhlaa, 91. 
Hydrotheca, 104. 
Hydrosoa, 90. 
Hydryphantes, 449. 
Hydryphantinae, 449. 
Hygrobate8, 450. 
Hygrobatinae, 450. 
Hymenolepis, 199. 
Hyperla, 365. 
Hyperiidae, 365. 
Hyperlldea, 365. 
hypnorum (Aplexa), 512. 
Hypobranchial gland, 528. 
Hypopus, 441. 
Hypos tome, in hydrolds, 

91; In mites, 436. 
Hypotrichlda, 60. 
Hyptlotes, 418. 

Ibla, 860. 
Ichthydium, 244. 
Ichthyobdellidae, 817. 
<dae (Crista tella), 204. 
Idothea, 376. 
Idotheldae, 376. 
Idyia, 154. 
illecebrosu8 

(Ommastephes), 610. 
illinoisensis (Pleodorina), 

88. 
Illoricata, 285. 
illumlnatus (Bdellodrilus), 

306. 
Ilyanassa, 558. 
lmbicilis (Anodonta), 582. 
lmbricata (Dermasterlas), 

628. 
lmbricata (HarmothSe), 

285. 
Immaculata (Natlca), 588. 
lmmacalata ( Scutigerella ) , 

466. 
immltls(Filaria),219. 
lmparisplnosus 

(Am phi poms), 211. 
lmperator 

(Branchlocerianthus) , 91. 
Imperforina, 20. 
Imperial purple, 555. 
lmplexa (Fllograna), 302. 
impllcata (Anodonta), 581. 
impresaa (Loxochonca), 

856. 
lmpressus (Para Jul us), 469. 
inciaa (Nephthys), 289. 
incolorata (Peraa), 120. 
lnconstans (Trichodrilus), 

311. 
lndentata (Vitrea), 525. 
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Inflatus (Hexamitus), 31. 
inflecta (Polygyra), 521. 
Infrabaaals, 619. 
Infundibala, 665. 
lnfundlbulum 

(Bolinopsls),153. 
infusionum (Lembus),57. 
Infusoria, 48. 
ingena (Nephthys), 280. 
inherans (Leptosynapta), 

651. 
Ink sac, 603. 

lnquillna (Planocera), 170. 
iDsecta, of Linnaeus, 2, 

326. 
Insecta aptera, 326. 
inaectua (Cyclops), 846. 
Insertion plate, 484. 
lnslgnls (Cotylaspis), 179. 
instabllla 

(Branchlobdella) t 305. 
inaularia (Epelra), 426. 
Integer (Somatogyrus), 

542. 
Intermediate host, 

180 f 190. 
Interproglottldal glands, 

198. 
Inter radius, 614. 
Interray, 614. 
lnterrlta (Dyadera), 419. 
lnterrupta (Turbonllla), 

554. 
Intestina, 156. 
intestlnalls (Ciona),667. 
intestlnalls (Ligula), 193. 
intestinalis 

(Strongyloides), 218. 
Introvert, 273. 
iris (Lampsllis) f 580. 
lrradlans (Pecten), 575. 
irrorata (Idothea), 376. 
lrrorata (Littorlna), 540. 
irrorata (Unlcola), 371. 
lrroratus (Cancer), 396. 
lrrorotus (Tublfex), 310. 
Ischnochlton, 488. 
Ischnochltonidae, 487. 
lslandlca (Cyprlna), 578. 
islandlcum (Cardlum), 

598. 
islandlcus (Pecten), 575. 
I80crlnus, 621. 
Isopoda, 872. 
Itch mite, 440. 
Ivory barnacle, 362. 
Ixodes, 446. 
Ixodidae, 445. 

Xkra, 878. 
Jamalcensls 

(Balanoglossus), 654. 



Janira, 878. 

Janlrldae, 378. 

Janthina, 585. 

Janthlnldae, 585. 

Jaaia, 662. 

Jaw, in brittle stars, 634; 

in snails, 493. 
Jellyfish, 86. 
Jingle shell, 570. 
Jonah crab, 896. 
jonesi (PerigonlmuB),97. 
jail (Stenophora),44. 
Julldae, 468. 
Julus, 469. 
Jumping spiders, 484. 

Katharina, 489. 
Keber's organ, 566. 
Kellla, 585. 
Kellyellidae, 585. 
keraudreni (Oxygyrus), 

553. 
kesslerl (Amphisla), 62. 
kewensls (Placocephalus), 

168. 
Keyhole limpets, 531. 
Keyhole urchin, 645. 
King crabs, 400. 
Kinorhyncha, 244. 
Kcenenia, 406. 
Koenlkea, 452. 
Kowalevskla, 659. 
Kowalev8klidae, 659. 
kowalevskyl 

(Dollchoglossus), 655. 

Labidocira, 345. 

Labiosa, 590. 

Labium (in arachnids), 

414, 436. 
labyrlnthica (Strobilops), 

517. 
lacerata (Opercularella), 

112. 
laciniatum 

(Anthobothrium), 196. 
laciniatum 

( Crossobothrlum ) , 196. 
laciniatus 

(Bothriocephalus), 195. 
Laclnuiaria, 234. 
Lacrymarla, 51. 
iactarlum (Lysiopetalum), 

471. 
lacteum (Dendrocoelum), 

166. 
lacteus (Cerebratulus), 

209. 
Lacuna, 541. 
Iacu8tri8 (Cordylophora), 

95. 
lacuatria (Cristatella), 264. 



lacustris (Eplschura), 343. 
lacustris (SponglUa), 81. 
lacustris (Stylaria), 309. 
Lady crab, 398. 
Levlcardium, 593. 
laevigata (Velutlna), 538. 
Uevis (Chirodota), 651. 
la? vis (Elasmopus), 370. 
tevis (Porcelllo), 380. 
lsviusculus (Calliopius), 

369. 
Lafwa, 117. 
lagena ( Hallmocyathus) , 

127. 
lagenella (Trachelomonas), 

82. 
lagenoides (Gromla), 20. 
lagenula (Lacrymarla), 52. 
lam bis (Pterocera), 549. 
lamella tus (Burycercus), 

836. 
Lamelllbranchiata, 563. 
lampas (Alclppe) , 862. 
LampsiliB, 579. 
lanceolatum 

( Branchlostoma ) , 673. 
Land crabs, 394. 
Land planarians, 168. 
Land snails, 506. 
languida (Oceania), 115. 
Lantern of Aristotle, 640. 
Laodice, 289. 
Laodice viridis, 283. 
Laodicea, 117. 
Laodicidae, 289. 
Laonlce, 293. 
lapidarla (Pomatlopcls), 

548. 
laplllus (Purpura), 556. 
Laqueus, 269. 
larix (Antipathes), 139. 
larus (Chetonotus),243. 
Larvacea, 657. 
larynx (Tubularia), 103. 
lasium 

(Phorelobotborium), 196. 
Lateral teeth, of pelecypod 

shell, 564 ; of radula, 

480. 
lateralis (Mactra), 590. 
laterltla (Vampyrella), 22. 
Lathrodectus, 421. 
laticauda (Argulus), 352. 
la tl thorax (Ebo) , 429. 
lativentris (Cunina), 121. 
Latona, 333. 
latum (Dlphyllobothrlum), 

194. 
leanum (Cochlodesma), 

601. 
Leda, 569. 
Leeches, 815. 
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leidyi (Edwardsia), 140. 
leidyi (Fabricia), 801. 
leidyi (Marphyaa), 200. 
leidyi (Micrura),208. 
leidyi (Mnemlopsls), 158. 
leidyi (Pristina),809. 
leidyi (Sthenelais), 286. 
Lembadion, 56. 
Lembus, 57. 
Lemnlscl, 220. 
lentns (Anoplodactylus), 

460. 
lepadella (Metopidia). 242. 
Lepadidae, 860. 
Lepas, 800. 
Lepeopbtneirus, 850. 
Lepbthypbantes, 428. 
Lepidoderma, 248. 
Lepidonotns, 285. 
Lepidopleuridae, 486. 
Lepra*, 296. 
Lepralia, 257. 
Leptocardia, 671. 
Leptocheirus, 870. 
Leptochela, 874. 
Leptoclinum, 671. 
Leptodesmus, 472. 
Leptodora, 388. 
Leptodorldae, 888. 
Leptomedusae, 104. 
Leptoplana, 170. 
Leptoplana gigas, 158. 
Leptoplanidae, 170. 
leptopus (Diaptomus), 844. 
leptoatyla (Clava),95. 
Leptosynapta, 651. 
Lerntea, 850. 
Lerneidae, 850. 
Lerxueopoda, 851. 
Lernawpodiae, 851. 
Lerneenlcus, 850. 
leaaoni ( Poly cera), 501. 
Leucandra, 76. 
leucas (Frontonia), 56. 
Leucauge, 427. 
leuckartl (Cyclops), 846. 
leuckarti (Podon), 888. 
leucolena (Sagartia), 144. 
Leucon type of sponge, 72. 
Leuconidae, 76. 
leucopheta (Congeria), 

684. 
leucops (Stenostomum), 

161. 
leucoptera ( Stoloteuthis ) , 

609. 
Leucosolenia, 75. 
LeucosolenUdae, 75. 
Levant sponges, 84. 
Llacarus, 448. 
Liblnia. 895. 
Lichenopora, 251. 



Lichenoporidae, 251. 
Llchnophora, 64. 
Llchnophoridae, 64. 
Ligament, in Acantboce- 

pala, 229 ; in pelecypods, 

564. 
ligamentlna (Lampsllns), 

580. 
ligera (Gastrodonta), 526. 
llgnorum (Limnorla), 875. 
Ligula, 198. 
Llgulinae, 198. 
Ligyda, 880. 
Ligydidae, 880. 
lilacea (Tutrallpora),251. 
lima (Bxnviella),40. 
lima (Phillne), 498. 
Llmacidae, 526. 
Limadna, 498. 
llmacina (CI lone), 499. 
Limaclnidae, 498. 
Llmapontla, 505. 
Limapontiidae, 505. 
limatnla (Yoldla), 568. 
Limaz, 526. 
Umax (Amoeba), 16. 
IAmam lanceolatus, 672. 
limbata (Nereis), 288. 
Llmnadlidae, 881. 
Umnel (Chetogaster), 

810. 
Llmnesia, 451. 
Limnetis, 882. 
Limnias, 288. 
limnicola (Nereis), 288. 
Limnicythere, 856. 
Limnocalanns, 842. 
Llmnochares, 448. 
Limnocbarlnae, 448. 
Limnocnida, 91. 
IAmnocodium, 119. 
Limnodiilu8, 811. 
Llmnoria, 875. 
Limnorlidae, 875. 
limosa (Amnicola), 542. 
llmosa (Dero),809. 
limosus (Cambarus), 892. 
Limpets, 530. 
Umpida (Vitrina) t 525. 
Limulus, 402. 
llneare (Microstomum), 

162. 
linearis (Cephalothrix), 

206. 
Uneata (Bdwardslella), 

140. 
Uneata (Glossiphonia), 

818. 
Uneata (Lablosa), 590. 
Uneata (Scalaria), 535. 
Uneata (Tonicella),488. 
lineatos (Gordlus). 227. 



Umatu* (Heliodiscus), 523. 
lineotus (Melampns), 508. 
Lineidae, 207. 
Llneus, 207. 
Lingnatula, 457. 
Lingnatulida, 455. 
JAnffula, 267. 
LinguUdae, 267. 
Linnaaan Classiflcatlon, 1. 
llnncana (Porplta), 128. 
Linotcnia, 474. 
llnterni (Tyroglypbus), 

442. 
lintonl (Myxobolos),48. 
Linncbe, 128. 
Llnyphia, 423. 
LinyphUdae, 422. 
Llobanum, 412. 
Lionotns, 53. 
Lloplax, 544. 

Lip (in snail sbe]]s),506. 
Liriope, 120. 
Lithobiidae, 476. 
Lithobius, 476. 
Lithocyst, 105. 
Litbodomus, 573. 
Lithophagns, 573. 
Uthophagus 

(Lithophagns), 578. 
Lithotrya. 860. 
litoralis (Paranais),809. 
lit oralis (Zygeupolia), 

208. 
lltorea (Llttorlna), 540. 
Utterata(Oliva),660. 
llttorale (Pycnogonnm), 

459. 
littoralis (Asterias),632. 
Llttorlna, 540. 
Littorinidae, 539. 
Liver fluke, 188. 
Liver sacs, 659. 
llvescens (Gonlobasis), 547. 
Livoneca, 875. 
Lizzia, 98. 
loa(Filaria),219. 
Lobata, 152. 
lobatum 

(SipbonodentaUnm), 492. 
lobostoma (Diffugia), 17. 
Lobsters, 889. 
locnsta (Gammarus), 869. 
locu8tae-carollnae 

(Gregarina),44. 
locnstarum (Trombidiom), 

454. 
lofotensis (Rhisocrlnns), 

621. 
Loliginidae, 609. 
Loligo, 609. 
Loligopsls, 612. 
Lone-star tick, 446. 



Digitized by 



Google 



722 



INDEX 



Long clam, 594. 

longi carpus < Pagurus) , 

893. 
longicauda 

( Appendicularla) , 658. 
longicauda (Cercomonas), 

27. 
longicauda (Microcotylc), 

177. 
longicaudatus (UroleptuB), 

62. 
longicaudum (Scartdlum), 

240. 
longlcaudus (Phacus) t 32. 
longicornia (iEginella), 

372. 
longlcornis (Talorchestia), 

867. 
longlcornis (Temora), 342. 
longimana (Amphithoe*) , 

871. 
longipalpls (Brigone), 423. 
longipalpls (Hygrobates), 

450. 
longirostris (Bosmlna), 

336. 
longiseta (Rattulus), 241. 
longispinatus 

(Stephanops), 240. 
longisplnosus 

Chetonotus),248. 
longlssimum (Hyalonema), 

78. 
longitarse (Nymphon), 461. 
loossl (Axygla),185. 
Lophophore, In Brachiopo- 

da, 266 ; in Bryoxoa, 245 ; 

In Phoronldea, 270. 
Lophopus, 268. 
Lorlca, 281. 
Lorlcata, 239. 
lorlcata (Gemellarla), 

253. 
lovenl (Gonothyrea), 112. 
Loxoconcha, 356. 
Loxopbyllum, 53. 
Loxosoma, 247. 
Loxosomidae, 247. 
Lower worms, 155. 
lubbocki (Pauropus), 467. 
lubrica (Cochlicopa), 518. 
lubricalls (Nlcomache), 

209. 
lucayanum (Asymmetron), 

673. 
lucasanus ( Apus) , 331. 
lucens (Metridta),342. 
Lucernaria, 127. 
Lucernarildae, 126. 
luciae (Sagartla), 144. 
Luclna, 585. 
Luclnldae, 584. 



lugubris ( Plana ria), 166. 
Luidia, 626. 

lumbrlcl (Monocystis), 46. 
Iumbrlcali8 (Nlcomache), 

299. 
Lumbrlcldae, 312. 
Lumbrlclllus, 807. 
lumbrlcoldes (Ascarls), 

224. 
Lumbriconereto, 290. 
Lumbrlculldae, 811. 
Lumbrlcus, 812. 
Lumbrlnereis, 290. 
luna (Cathypna), 241. 
lunata (Columbella), 557. 
Lungs (In arachnids), 403. 
Lunule, 564. 
lurlda (Ostrea) t 575. 
lurldus (Notomastos), 297. 
lutarlum (Didemnum), 

671. 
luteola (Lampsllis), 580. 
luteolum (Leptoclinum) t 

671. 
Lycophora, 192. 
Lycosa, 488. 
Lycosldae, 482. 
Lymnaea, 509. 
Lymnaeldae, 509. 
Lynceidae, 836. 
lyncuritfm (Tethya),79. 
Lyonsia, 600. 
Lyonslldae, 600. 
Lysiopetalidae, 471. 
Lyslopetalum, 471. 
Lytechlnus, 648. 

1CACFABLANDI 

(Lichnopbora), 64. 
Ma coma, 588. 
macricaudatum 

(Asymmetron), 673. 
Macrobdella, 820. 
Macrobiotus, 458. 
macrocephala 

(Ampelisca), 368. 
Machrochelee, 444. 
Macronucleus, 49. 
macro8toma (Nassula),54. 
macrouni8 (Asellus), 377. 
Macrura, 885. 
Macrura natantia, 885. 
macrurus ((dmnocalanus), 

842. 
mactans (Lathrodectus), 

421. 
Mactra, 589. 
mactracea (Crassatellites), 

577. 
Mactrldae, 589. 
maculata (Gonlada), 291. 
maculata (Plana ria), 165. 



macnlatus (Pinnotheres), 

399. 
maculatus 

(Rhyncholophos), 454. 
maculosa (Harrimanla), 

655. 
Madreporo, 146. 
Madreporarla, 145. 
Mad report te, 616. 
nuenas (Carclnldea), 898. 
magdalenenls 

(Ischnochiton),488. 
ciagellanicuB (Pecten), 

575. 
magtster (Cancer), 397. 
magna (Conchscia), 358. 
magna (Fasciola), 184. 
magna (Spherophrya), 67. 
magnlfica (Pectlnatella), 

264. 
magnum (Cardinal), 598. 
Malldae, 395. 
Malacobdella, 218. 
Malacocotylea, 172. 
Malacostraca, 863. 
Malaria, 47. 

malarlae (Plasmodium), 47. 
Maldane, 298. 
Maldanldae, 298. 
Mallomonas, 85. 
Mammary organ, 247. 
mananensis (Coryphella), 

504. 
Manayunkla, 801. 
Mancasellus, 877. 
Mandibles, 823. 
Mange mite, 440. 
Mangora, 427. 
manhattensls (Molgula), 

665. 
Mantle, 

In Brachlopoda, 265 ; 

In Mollusca, 478 ; 

In Tunicata, 655. 
Mantle cavity 

(in mollusks), 479. 
Manubrium, 88. 
Margarita, 538. 
Margaritana, 582. 
margaritifera 

(Margaritana), 582. 
margaritifera 

(Meleagrlna),578. 
Margaropus, 446. 
Marginal teeth (of radula), 

480. 
marginata (Llnyphla). 428. 
marginata (Taenia), 201. 
marginatum 

(Clinostomnm), 187. 
marginatum (Metrldlum), 

144. 
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marglnatus (Pupoides), 

516. 
marglnatus (Splrobolus), 

470. 
Marlcola, 167 
marina (Arenlcola), 299. 
marina (Bdella), 453. 
martna (Idottaea), 376. 
marina (Jera), 878. 
marina (Oxyrrhls), 80. 
marina (Vorticella), 66. 
Marine trlclads, 167, 
marinum (Uronema), 55. 
marinus (Sea to vert ex), 

443. 
marinas (Tubal us), 400. 
marmoratls (Hemopis), 

320. 
marmoratus (Conns), 562. 
marmoratas (Turbo), 533. 
marmorea (Tonlcella), 487. 
Marphysa, 290. 
Marpissa, 435. 
Marptusa, 485. 
marshalli (Arrhenarus), 

452. 
mar*<( PI rata), 434. 
Mastax, 231. 
Mastlgamceba, 26. 
Mastigophora, 24. 
Mastigoproctus, 407. 
Maw worm, 225. 
Maxilla, 

in crustaceans, 327 ; 

In spiders, 414 ; 

In mites, 436. 
Maxilliped, 

in crustaceans, 863 ; 

In myriapods, 464, 473. 
maxlmus (Doryaimus), 

216. 
maxlmus (Limax), 527. 
Meandrlna, 148. 
meandrites (Meandrlna), 

148. 
Mediaster, 627. 
Medicinal leech, 320. 
medicinalis (Coras), 431. 
medicinalis (Hlrudo), 

820. 
Medina worm, 220. 
medinensis (Filarla), 220. 
mediterranea (Carinarla), 

552. 
Medusa, 71, 88. 
Medusa type of structure, 

88. 
medusarum (Hyparla), 

366. 
megalooephola (Ascaris), 

225. 
Megalopa, 394. 



Megalotrocha, 234. 
Megascleres, 73. 
Megascollcldae, 311. 
megasoma (Lymnasa), 509. 
Megninla, 441. 
megotara (Teredo), 599. 
Melampus, 508. 
melanopli (Gregarina), 44. 
Meleagrina, 573. 
meleagrls (Stomolophua), 

131. 
Mellcerta, 233. 
mellcerta (Mellcerta), 233. 
mellcerta (Oecistes),234. 
Melicertidae, 233. 
Mellcertum, 117. 
Mellita, 644. 

melltta (Thalassema), 315. 
Membranlpora, 255. 
Membranlporldae, 255. 
mendicada (Hanleyia), 

486. 
Menipea, 253. 
Menoldlum, 33. 
Menosporidae, 45. 
mercenada (Venus), 590. 
meridionalls ( Comactlnla ) , 

623. 
Mermis, 218. 
Mermltldae, 218. 
Merozoltes, 46. 
Mertcnsla, 152. 
MesenchytneuB, 308. 
Mesenteries, 132. 
Mesodlnium, 52. 
Mesoglea, 70. 
Mesonemertlni, 205. 
Mesoplacophora, 486. 
MesoBtoma, 163. 
Metacnomcs, 138. 
metalllca (Idothea), 376. 
Metanemertlni, 209. 
Metapodlum, 479. 
Metasoma, 279. 
Metastomium, 277. 
Metazoa, 4. 
Metopldla, 242. 
Metoponorthus, 380. 
Metopus, 58. 
Metrldla, 342. 
Metrldlum, 144. 
mexioana (Holothuria), 

649. 
mexlcanos (Ve Jo vis), 405. 
Meyenia, 81. 
Miana bug, 445. 
Micaria, 430. 
mlchellnl (Encope),645. 
Uicrathena, 426. 
Microciona, 83. 
Mlcrocotyle, 177. 
Mlcrocotylinae, 177. 



Microhydra, 118. 
Micronucleus, 49. 
Microphallus, 186. 
mlcrophthalma (Sabella), 

301. 
Mlcroporella, 256. 
Microporellldae, 256. 
Microscleres, 73. 
Micro8tomldae, 162. 
Microstomum, 162. 
Micrura, 208. 
miescherlana 

(Sarcocystis), 48. 
miliaria (Noctiluca), 42. 
mllitarls (Brachlonus), 

240. 
mllitarls (Fterastcr), 631. 
milium (Vertigo), 517. 
milium (Zonitoldes),526. 
millerl (HydracUnla), 100. 
Millepora, 93. 
Mllleporidae. 98. 
MUUpeds, 467. 
minax (Uca),400. 
mlnlata (Asterina), 629. 
mlnnehaha (Daphnla), 

834. 
minor (Cnlanus), 341. 
minus (Alpheus),888. 
minuscula (Zonitoides), 

526. 
mlnuta (Loxosoma), 247. 
mlnuta (PhloS),285. 
mlnuta (Rlssoa), 541. 
mlnuta (Turtonia), 585. 
minutum (Nemasoma), 

469. 
tninutua (Argus), 445. 
minutus (Canthocamptus), 

348. 
minutus (Dlaptomus), 

344. 
mlra (Eutlma), 115. 
mira (Plsaurina), 432. 
mirabills (Syncoryne),96. 
Mlracldlum, 180. 
Mlaumena, 428. 
Mitella, 360. 
Mltellidae, 359. 
Mites, 436. 
Mltra, 560. 
Mltrldae, 560. 
Mnemlldae, 153. 
Mnemlopsls, 153. 
modes ta (Cornularlella), 

134. 
modesta (Sagartla), 144. 
Modlolarla, 572. 
Modiolus, 572. 
modiolus (Modiolus), 572. 
mcestus (Macrocheles), 

444. 
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Moina, 886. 
Moira, 645. 
Molgula, 664. 
Molgulidae, 664. 
molguloldes 

( Bostrichobranchus) , 

665. 
mollis (Renlera), 88. 
molllssima (Buspongla), 

84. 
Mollusca, 478. 
Molluscoidea, 246. 
Molpadildae, 650. 
Monactinelllda, 79. 
Monadlda, 26. 
Monas, 28. 

moneta (Cypwea), 404, 540. 
Monlesla, 198. 
moniliarls (Polydesmus), 

472. 
Monocotyle, 174. 
Monocotylidae, 174. 
Monocystls, 46. 
monodon (Polygyra), 521. 
Monogenea, 173. 
Monogenetlc trematodes, 

178. 
Monopectinate gill, 520. 
Monosiga, 20. 
monostachys 

(Membranipora), 256. 
Monostechas, 100. 
Mono8tomata, 181. 
Monostyla, 241. 
Monotocardia, 534. 
Monotremata, 514. 
montagul ( Pan da 1 us), 887. 
Monura, 242. 
Mopalia, 488. 
Mopaliidae, 488. 
morgan! (Chord odes), 228. 
morgani (Planaria), 166. 
morsel (Cyzlcus), 332. 
mors! tans (Scolopendra), 

475. 
mortoni (Levlcardium), 

503. 
morum (Pandorlna), 38. 
Mosaic vision, 324. 
Mother-of-pearl, 470, 564. 
mucedo (Cristatella), 264. 
Mucket, 580. 
mucosa (Mopalia), 488. 
mucosas (Rattulus), 241. 
mucronata (Salpa), 662. 
mucronata 

(Scaplloleberls), 835. 
mucronatU8 

(Carinogammaru8) , 370. 
Mucronella, 258. 
Mud crabs, 397. 
Mud snails, 557. 



mttlleri (Geodia* , 78. 
Multiceps, 202. 
multiceps 

(Aspianchnopus), 287. 
multiceps (Multiceps), 202. 
multldentatus ( Lithoblus) , 

476. 
multiformis (Phidippus), 

435. 
multilineata (Polygyra), 

521. v 
mtritloculatus 

(Proneurotes), 211. 
Multistigmatea, 661. 
Multivalvia, 481. 
muraria (Dictyna),418. 
murarlum (Theridlon), 

422. 
murbachi (Gonionemus), 

118. 
Murex, 555. 

muricata (Acropora), 146. 
muricata (Pinna), 574. 
muricatus (Chelifer), 410. 
Muricldae, 555. 
murrayana (Bugula),254. 
muscae domestlcae 

(Herpetomonas), 27. 
muscorum (Oblsium), 410. 
muscorum (Pupilla), 516. 
muscosa (Mopalia), 488. 
Mushroom coral, 150. 
Mussel crab, 300. 
Mussels, 571. 
mutablle (Cyclocoelum), 

181. 
mutabllis (Pamphagus), 

21. 
mutans (Cnemidocoptes), 

440. 
mutans (Pedicel Una), 

248. 
mutica (Ollvella),560. 
mutlca (Pel la), 396. 
mutica (Velella),123. 
Mya, 504. 
Myacea, 504. 
Myidae, 504. 
Myocytes, 72. 
Myodocopa, 357. 
My on ernes, 40. 
myosotis (Phytia), 508. 
Myriapoda, 463. 
myriapoda (Heterophrys), 

23. 
Myriozoldae, 257. 
Mysldae, 382. 
Mysis, 382. 

mystaw (Ascarls), 225. 
mytili (Alcyonldium), 250. 
Mytllldae, 571. 
Mytilus, 571. 



my til us (Stylonychia),63. 
Myxlcola. 301. 
Myzobolidae, 48. 
Myzobolus, 48. 
Myxospongiae. 85. 
Myzosporidiida, 48. 
Mysorhynchus, 106. 
Mysostoma, 322. 
Myzostomlda, 321. 

njetia (Agelena), 431. 

Nagana, 30. 

Naiades, 578. 

Naididae, 308. 

Nals. 308. 

nana (Hymenolepls),200. 

Nanomia, 124. 

Narcomeduaae, 120. 

Nassa, 557. 

Nassldae, 557. 

Nassula, 54. 

nasutum (Didlnlum), 52. 

Natica, 587. 

Natlcidae. 537. 

Naupllus, 327. 

Nausitno*. 128. 

Nautllldae, 606. 

Nautiloldea, 606. 

Nautilus, 606. 

naval Is (Teredo), 699. 

Nebalia, 864. 

nebulifera (Vorticella),65. 

nebulosa (Planocera),160. 

nebulosus 

(Lephthyphantes), 423. 
Necator, 222. 
Nectonema, 228. 
Nectonematldae, 228. 
Nectophores, 122. 
neglectus (Drassus). 419. 
Nemasoma. 469. 
Nemastomatidae, 413. 
Nematelmia, 157. 
Nemathelmlnthea, 218. 
Nematocyst, 86. 
Nematodes, 214. 
Nematophore, 108. 
Nemertea, 203. 
Nemertlans, 203. 
Nemopsis, 98. 
nemoralis (Helix), 62a 
Neocomatella, 622. 
Neoliodes. 443. 
Neomenla, 484. 
Neomenlldae, 483. 
Neomeniina, 483. 
Neopanopeus, 307. 
Neosporidia, 47. 
Nephridlum, 278. 
nephropis (Stlchocotyle), 

178. 
Nephropsidae, 880. 
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Nephthydidae, 289. 

Nephthyldae, 185. 

Nephthys, 289. 

Neptunea, 558. 

Nereldae. 288. 

Nereldifonnia, 288. 

Nereis, 288. 

Nerita, 534. 

Neritldae, 534. 

Nettle organ, 86. 

Neuropodlum, 282. 

nlckllnlana ( Paludestrlna ) , 
543. 

Nlcomache, 299. 

N Ida mental glands, 604. 

nidicola (Lycosa), 433. 

niger (Ariollmaz), 528. 

nigra (Ascldia), 667. 

nigra (Modiolaria), 572. 

nigrescens (Astacus), 390. 

nigrescens (Mermis), 219. 

nigrocincta (Triforis), 546. 

nlgropalpi8 (Pardosa), 
433. 

nigrum (Bittlum), 546. 

nigrum (Botrylloldee), 669. 

nlloticus (Trochua), 532. 

nitida (Plumatella), 263. 

nltlda (Zonltoldes), 525. 

nltidulum (Chsetoderma), 
484. 

nitldus (Liacarus), 443. 

Nitzschia, 174. 

nlvea (Scutigerella), 466. 

noae (Area), 571. 

Noah's ark, 571. 

noblle (Coralllom), 135. 

Noctlluca, 42. 

nodlferns (Triton), 551. 

nodulosa (Bunodera), 185. 

nordmanni (Evadne), 338. 

Northern crab, 396. 

norvegica (Teredo), 599. 

Noteus, 240. 

Nothrus, 443. 

Notochord, 652. 

Notomastus, 297. 

Notommata, 238. 

Notommatldae, 237. 

Notopodlum, 282. 

Notops, 237. 

Nuclearia, 22. 

Nucleus (in Salpa), 660. 

Nucula, 568. 

Nuculidae, 568. 

Nuda (Ctenophora), 154. 

Nuda (Rhizopoda), 119. 

Nudibranchlata, 500. 

nudus (Kipunculus), 274. 

Number of described spe- 
cies, 10. 

nutans (Pedlcellina), 248. 



Nut-brown cowry, 550. 
nutricula (Turrit ops Is), 

102. 
nuttalllana (Fluminicola) 

542. 
NuttaUina, 488. 
Nymph (in mites), 437. 
Nymphon, 461. 
Nymphonidae, 460. 

Obblia, 118. 

obesa (Clubiona), 429. 

oblculare (Tanystylum), 

460. 
oblculata (Heliclna), 534. 
obliqua (Succinea), 518. 
Oblsildae, 410. 
Oblsium, 410. 
oblonga (Clavellna), 668. 
oblongum (Poly stoma), 

175. 
oblongus (Chelan ops), 410. 
oblongus (Tibellus), 429. 
obrussa (Lymnsea), 510. 
obscura (Margarita), 533. 
obscura (Podarke), 288. 
obsoleta (Nassa), 558. 
obtusa (Dero), 309. 
occidentale (Dentallum), 

491. 
occidentale (Spherium), 

586. 
occldentalis (Aporrhais), 

549. 
occldentalis ( Cotylogaster ) , 

178. 
occldualls (Halipegus), 

187. 
Oceania, 115. 
oceanica (Llgyda), 380. 
ocellata (Halopsis), 116. 
Ocellate sense organs, 89. 
ocellatus (Ovallpes), 898. 
ochracea (Asterias), 632. 
ochracea (Ectopleura), 

102. 
ochraceu8 (Amphlporus), 

211. 
Octocotylinae, 176. 
octonaria (Cun octant ha), 

121. 
Octopoda, 612. 
Octopodidae, 613. 
Octopus, 613. 
Ocular plate, 640. 
oculata (Challna), 82. 
oculifera (Potamllla), 801. 
Oculina, 147. 
Ocullnldae, 147. 
Ocypoda, 399. 
Ocypodidae, 399. 
Odlnla, 633. 



Odostomla, 554. 

Oecistes, 234. 

Oerstedla, 218. 

Oesophageal bulb, 214. 

officinalis (Euspongia), 84. 

officinalis (Sepia), 608. 

ohlonls (Palemon), 387. 

Olkomonas, 27. 

Olkoplast, 658. 

Olkopleura, 658. 

Oithona, 347. 

oleacea (Eullma), 553. 

ollgactls (Hydra), 92. 

OUgochieta, 303. 

Ollva, 560. 

olivacea (Ophloderma), 
636. 

Olivella, 560. 

Ollvidae, 560. 

olor (Lacrymaria), 52. 

Ommastrephes, 610. 

Ommastrephldae, 610. 

Ommatolds, 407. 

Omphallna, 524. 

Onchidella, 515. 

Onchldlidae, 515. 

Onchldorls, 502. 

Onchobothrildae, 195. 

Onchosphere, 190. 

Onlcldae, 378. 

Onlscus, 378. 

Onychodromus, 62. 

Onychophora, 462. 

Onychoteuthldae, 611. 

Onychoteuthls, 611. 

Ocecium, 248. 

opacus (Microphallus), 186. 

Opalina, 57. 

opalina (Arabella), 291. 

Opallnldae, 57. 

Opercularella, 112. 

Opercularla, 67. 

operculatum (Amphl- 
dinium),41. 

Operculum : 

In Bryozoa, 249; in Gas- 
tropoda, 492; in Hydro- 
medusae, 104 ; In Limu- 
lus, 401; in Polychaeta, 
302. 

Opheliidae, 298. 

Ophiacantha, 637. 

Ophlacanthidae, 637. 

ophidioidea ( Crista tella), 
264. 

Ophloderma, 636. 

Ophiodermatidae, 635. 

Ophiolepldldae, 636. 

Ophlomyxa, 637. 

Ophlomyxidae, 637. 

Ophlopholis, 636. 

Ophiothrix, 637. 
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Ophlotrlchidae, 687. 
Ophiura, 686. 
Ophiurae, 685. 
Ophluroldea, 688. 
Opistbobianchlata, 495. 
Oral disc, 182. 
Oral groove, 49. 
Oral palp, 565. 
Oral papillae, 684. 
Oral plates, 684. 
Oral surface, 614. 
Oral tentacles (In holo- 

thurians), 646. 
Orblcella, 148. 
orblculata (Hellclna), 584. 
orbtculatum (Didemnnm), 

671. 
Orchestla, 867. 
OrchestUdae, 866. 
Oreaster, 628. 
Oreasterldae, 628. 
oregonensls (Dlaptomus), 

848. 
Organs of Cnvler, 646. 
Ortbata, 448. 
Orlbatldae, 442. 
ornata (Amphltrlte), 295. 
ornata (Arlcla), 292. 
ornata (Floscularia), 233. 
ornata (Nassnla), 54. 
ornatum (Scalpellum), 359 
Oroperipatus, 468. 
Ortboceras, 606. 
Orthoneurons gastropods, 

494. 
Orthurethra, 507, 514. 
Orygmatobothrlum, 196. 
orysa (Cylichnella), 497. 
Osculum, 72. 

oslerl (Sphyranura), 176. 
Ospbradlum, 480. 
Ostracoda, 852. 
Ostrea, 574. 
Ostreldae, 574. 
ostreum (Pinnotheres), 

899. 
Otoporpae, 121. 
Ovallpes, 398. 
o vails (Livoneca), 375. 
ovalls (Succinea), 518. 
ovalis (Succinea), 519. 
ovata (BoroC), 154. 
ovata (Cryptomonas), 86. 
ovata (Monoslga),29. 
ovata (Vertigo), 517. 
Ovlcell, 248. 
Ovlgerons legs, 458. 
ovis (Psoroptes),440. 
Ovulum, 550. 
ovum (Mertensla), 152. 
ovum (Ovulum), 550. 
Oxygyrus, 553. 



Oxyrhyncha, 895. 
Oxyrrhls, 80. 
Oxytricha, 62. 
Oxytrlchidae, 61. 
Oxyurls, 225. 
Oyster crab, 399. 
Oyster drill, 556. 
Oysters, 574. 

Pachylom bbus, 416. 
pacbyuni8 (Copeus), 288. 
Pacific palolo worm, 288. 
paciflca (Phoronls),271. 
Pagnrldae, 893. 
Pagurus, 898. 
Palsmon, 887. 
Patomonetes, 886. 
Palnmonidae, 886. 
Paleonemertea, 205. 
Pallnurldae, 892. 
Pallnurus, 892. 
Palisade worm, 224. 
pallasl (Elchlurus), 815. 
pallaslana (Lepralla), 258. 
Pallene, 460. 
Pallenldae, 460. 
Pallets, 598. 
Pallial line, 564. 
Palllal sinus, 564. 
palllata (Llttorina),540. 
palliate (Polygyra), 521. 
pallida (Loligo),610. 
pallida (Onchldoris) , 502. 
pallida (Syllls),287. 
pallidum (Treponema), 26. 
pallidus 

(AateraeattfMon), 682. 
pallidu8 

(Steuronerels), 291. 
Palllfera. 528. 
pallipes (Bremobates), 408. 
Palm crab, 893. 
palmata (Acropora), 146. 
palmate (Piste), 295. 
Palolo worm, 283. 
Palpal organ, 414. 
Palpi, 414. 
Palpigradl, 406. 
Paludestrina, 543. 
Paludicella, 261. 
Paludicellldae, 261. 
Paludlcola, 165. 
Paludina, 544. 
Paludinidae, 548. 
paludosa (Palsmonetes), 

387. 
palustris (Attus),434. 
palustris (Helodrilus), 814. 
palustris (Lymmea), 510. 
palustris (Orchestla), 367. 
palustris (Pelomyxa), 15. 
Pamphagus, 20. 



pandallcola ( P ro b o pyrms ), 

881. 
Pandalus, 887. 
Pandorldae, 600. 
Pandorlna, 87. 
panlcea (Halicondria), 88. 
Panopeus, 897. 
Pantopoda, 458. 
papalls (Mltra), 560. 
Paper nautilus, 012. 
papulosa (Aeolii). 508. 
papulosa (Molgula), 666. 
papposus (8olaster) v 630. 
Papulae, 628. 
Paractidae, 148. 
Paractinopoda^ 650. 
Paractls, 148. 
Paragonlmus, 184. 
Paragordina, 227. 
Parajulus, 469. 
parallelos (Ancylns), 513. 
parallelus (HeUodiaeus), 

528. 
Parameddae, 55. 
Paramecium, 56. 
Paramecium (Chllomonas), 

86. 
ParamphlstomMae, 182. 
Paramphistomum, 182. 
Paramylum, 81. 
Paraxials, 809. 
Parapod, 465. 
Parapodlum, In annelids, 

277, 282; In molluska, 

479. 
Parapolla, 207. 
parasitica (Glosslpbonla), 

818. 
parasiticum (Blcidlum), 

142. 
Parategastes, 848. 
Pardosa, 488. 
Parenchyma, 156. 
Parietal Up and tooth (of 

snaU shells), 506. 
parma (Echinarachnlus), 

644. 
Parthenogenesis, in Ostra- 
coda, 858 ; in Phyllopoda, 

338 ; in Rotlfera, 281. 
Parthenogonldia, 89. 
partite (Styela),666. 
parva (Fredericia), 807. 
parvula (Nais), 808. 
parvus (Planorbis), 613. 
Parypha, 104. 
passerlnus (Analges), 441. 
Patella, 580. 
Patelliform, 530. 
patelllna (VorUceUa), 06. 
patens (Condylostoma), 59. 
patina (Acnuea), 530. 
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patina (Pterodina), 289. 
paulum (Orygmatoboth- 

rlum), 196. 
Pauropoda, 466. 
Pauropodldae, 466. 
Pauropus, 467. 
pavo (Calocalanus), 341. 
pavo (Lollgopsis), 612. 
Paxlllae, 623. 
peachi (Mucronella), 258. 
Peacock squid, 612. 
pealei (Lollgo), 609. 
Pear leaf blister, 488. 
Pearl oyster, 573. 
Pearls, 564. 
Pearly nautilus, 606. 
pecten, 575. 
Pectinarla, 297. 
Pectlnatella, 264. 
Pectlnlbrancblata, 584. 
Pectines, 405. 
Pectlnidae, 575. 
pectorale (Gonlum), 87. 
Pedal disc, 182. 
Pedalla, 128. 
Pedicellariae, 623. 
Pedlcelllna, 248. 
Pedicellinidae, 248. 
pediculua (Polyphemus), 

888. 
pedlculus (Trlchodlna), 65. 
pediculus (Trivia), 550. 
Pedlpalp, 402, 414. 
Pedlpalpt, 406. 
Peduncle, In Brachlopoda, 

265 ; in Crustacea, 863. 
Pegea, 662. 
Pelagia, 129. 

pelagica (Floscularla),283. 
pelagica (Halocyprls), 358. 
pelagica (Nereis), 288. 
pelagica (Physalla), 124. 
pelagica (Scylleea), 500. 
pelagica (Thalasslcolla), 

24. 
Pelagiidae, 129. 
Pelecypoda, 568. 
Pelia, 896. 

pellionella (Oxytricha), 62. 
pellucida (Cuspidaria),602. 
pellucida (Carinella), 206. 
pellucida (Molgula), 665. 
pellucidum (Amarouclum), 

670. 
pellucidum (Menoidlum). 

33. 
pellucidum (Synccelidium), 

168. 
pellucldus (Cambarus), 

892. 
pellucldus (Chtetogaster), 

810. 



Pelomyxa, 15. 
Peltogaster, 363. 
Pen (in Cephalopoda), 608. 
pendula (Corymorpha), 

101. 
Peneidae, 388. 
Peneus, 388. 
Pennaria, 101. 
Pennariidae, 100. 
Pennatula, 187. 
Pennatulacea, 137. 
Pennatulidae, 137. 
pennsylvanica (Tubella), 

82. 
pennsylvanlcus 

(Chthoniue), 410. 
pennsylvanlcus 

(Parajulus),470. 
Pentaceroa, 628. 
Pentacrlnidae, 621. 
Pentoatomum, 457. 
pentodon (Bifidaria), 516. 
Pepper coral, 98. 
Peranema, 83. 
Peranemidae, 33. 
Peretreme, 444. 
perfoliata 

(Anoplocephala), 198. 
Perforata, 146. 
Perforina, 21. 
pergamentaceus 

(Chstopterus), 293. 
Peribranchlal space, 665. 
Perldlnidae, 40. 
Peridinium, 40. 
Perigonimus, 97. 
Perlopod, 863. 
Periostracum, 479, 664. 
Peripatldae, 463. 
Peripatus, 463. 
Peripharyngeal band, 656. 
Perlphylla, 127. 
Periphyllidae, 127. 
Periproct, 638. 
Perisarc, 91. 
Peristomal gills, 640. 
Peristome, In echninoderms, 

623, 638; of snail shell, 

506. 
Peristomium, 277. 
Peritrichlda, 64. 
Periwinkles, 540. 
Peronia, 121. 
peronf (Atlanta), 552. 
peroni (8pirula),607. 
Perophora, 668. 
Persa, 120. 

persicus (Argas), 445. 
perspectiva (Pyramidula), 

522. 
perspectlyus (Sigaretus), 

538. 



pertusa (Lepralia), 258. 
perversa (Triforis), 546. 
perversum (Busycon), 559. 
Petaloid area, 639. 
Petasidae, 118. 
Petrlcola, 592. 
Petricolidae, 592. 
pezata (Area), 571. 
Phacus, 82. 
Phagocata, 167. 
Phalangiida, 410. 
Phalangiidae, 411. 
phalangioides (Pholcus) 

420. 
Phalangium, 412. 
phaleratus (Cyclops), 847. 
Phanerosonla, 626. 
phantapus (Psolus), 650. 
pharygiana (Hlppasteria), 

627. 
Phascolion, 275. 
Phascolosoma, 275. 
Phldippus, 434. 
philadelphlcus 

(BdeUodrilus), 806. 
Philine, 498. 
Phlllnidae, 497. 
Phllodlna, 285. 
Philodinidae, 285. 
Philodromus, 428. 
Phllomycidae, 528. 
Philomycus, 528. 
Philoscia, 379. 
Phlegmacera, 418. 
phoenicopterus 

(Tracbelocerca), 52. 
Pholadacea, 597. 
Pholadldae, 597. 
pholadiformis 

(Petrlcola), 592. 
Pholas, 597. 
Pholcldae, 420. 
Pholcus, 420. 
PhoIoS, 285. 
Phonorhynchus, 168. 
Phoreiobothrium, 196. 
Phormosoma, 642. 
Pboronidea, 270. 
Phoronis, 270. 
phoBphorea (Idothea),876. 
phosphoreus (Polyclrrus), 

296. 
Photidae, 370. 
Phragmocone, 607. 
Phragmophora, 607. 
Phronima, 866. 
Phronimidae, 366. 
Phrurolithus, 429. 
phryglana (Linyphla), 423. 
Phryxus, 381. 
Phyla of Animal Kingdom, 

Key to, 10. 



Digitized by 



Google 



728 



INDEX 



Phylactotemata, 262. 
Phyllobothrlldae, 196. 
Phyllobothrium, 197. 
Phyllocarida, 864. 
Phyllodoce, 286. 
Phyllodocidae, 286. 
Phyllomltus, 80. 
Phyllopoda, 829. 
Phylodromus, 428. 
Physa, 511. 
Physalia, 124. 
Pbysaliidae, 124. 
Physcosoma, 275. 
Physldae, 510. 
Physonectae, 124. 
Phytia, 508. 
Phytoflagellida, 84. 
Phytopidae, 488. 
Phytoptua, 438. 
picta (Nephthys), 289. 
picta (Sthenelals), 286. 
pigra (Cryptoglena), 82. 
plkei (Hyctia),436. 
plkel (Lycosa), 433. 
pllata (iBolldia),503. 
pileus (Pleurobrachla), 

152. 
Pilidium, 205. 
Pill bugs, 380. 
pllosa ( Membra nlpora), 

255. 
pllularis (Eugyra), 665. 
Pllumnidae, 397. 
Pin worm, 225. 
pinglus 

(Leptochelrus) , 370. 
Pinna, 574. 
Pinnae (in Ctenophora), 

150. 
Pinnotheres, 399. 
Plnnotheridae, 399. 
Plnnulae, 137. 
pinnuiatum (Cardium), 

593. 
Pinnules, 619. 
Piona, 451. 
Pirata, 434. 
piratlca (Pirata), 434. 
pirl (Eriophyes), 438. 
Piropla8ma, 47. 
Pisanrldae, 431. 
Pisaurina, 432. 
Pisclcola, 317. 
Pisidium, 587. 
Pista, 295. 

pistacla (Bulalla), 286. 
Placocephalus, 168. 
Plagiostomldae, 164. 
Plaglotomldae, 58. 
Plagiostomum, 164. 
Plakopus, 15. 
plana (Crepidula), 539. 



Planaiia, 165. 
Planarians, 165. 
Plana riidae, 165. 
planissima (Monlezia), 198. 
Pianocera, 169. 
Planocerldae, 169. 
Planorbidae, 512. 
Planorbis, 512. 
planorbis (Skenea), 543. 
Planula, 88. 

pianola ta (Kellia), 585. 
Plasmodium, 46. 
Platelmia, 157. 
Plathelmlnthes, 156. 
Platydorina, 38. 
Platygyra, 149. 
Platyonichu8, 398. 
Platypoda, 536. 
platyptera (Polyarthra), 

237. 
Pleodorlna, 88. 
Pleopod, 863. 
Plerocercoid, 191. 
Plerocercus, 191. 
Pleslofungiidae, 149. 
Pleurobrachla, 152. 
Pleurobrachildae, 152. 
Pleurobranchs, 384. 
Pleurocera, 547. 
Pleurocerldae, 546. 
Pleuronema, 56. 
Pleuronemldae, 56. 
Pleurotomldae, 562. 
Pleuroxus, 337. 
Plexaurella, 137. 
Plezauridae, 136. 
plica tills 

(Sprlocheta), 26. 
plicatula 

(Modiola), 572. 
Plolma, 235. 
Plumatella, 263. 
Plumatellldae, 262. 
plumicosa (Cellepora), 259. 
plumipes (Uloborus), 417. 
Plumula riidae, 108. 
Pluteus, 614, 634, 641. 
pluvlalis 

(Stephanospluera), 37. 
Pneumatophore, 122. 
PneumonoBces, 185. 
Pneumonys8US, 437. 
Pocket book clam, 580. 
podagro8iis (Phidlppus), 

435. 
Podarke, 288. 
Podia, 616. 
Podobranchs, 384. 
Podocopa, 353. 
Podocoryne, 100. 
Podocorynidae, 100. 
Podon, 338. 



Podopbrya, 68. 
Podophryidae, 67. 
podura (Ichthydium), 244. 
pogonlae (Mlcrocotyle), 

177. 
Polian vesicles, 617. 
polli (Chiton), 486. 
poll turn (Liobunum), 413. 
pollicaris (Pa gurus), 394. 
PoUicipeM, 360. 
Polyarthra, 287. 
Polycera, 501. 
Polyceridae. 501. 
Polychsta, 282. 
PolychOBrus, 160. 
Polyclrrus, 296. 
Polycladlda, 169. 
Polyclinidae, 670. 
Polycystididae, 163. 
Polydesmidae, 471. 
Polydesmus, 471. 
Polydora, 293. 
Polygordidae,' 280. 
Polygordius, 281. 
Polygyra, 520. 
Polymastia, 79. 
Polymastlglda, 30. 
Polymastildae, 79. 
polymerus (Mitella). 360. 
polymorpha (Plumatella), 

263. 
polymorphus 

(Bchinococcus,) 202. 
polymorphus (S ten tor), 60. 
Polynicea, 537. 
Polyp type of structure, 87. 
Polyphemldae, 337. 
Polyphemus, 338. 
polyphemus (Limulus), 

401. 
Polypi, 3. 
polypinum 

(Carcheslum), 66. 
Polyplacophora, 484. 
polypodia 

(Dactylosphsrium), 16. 
Polypodium, 92. 
Polypus, 71. 
Polystoma, 175. 
Poly 8 torn Ida e, 175. 
Polystominae, 175. 
Polytoma, 36. 
Polyzenidae, 472. 
Polyxenus, 473. 
Polyzoa, 245. 
polyzonia8 

(Sertularella). 106. 
Polyzoniidae, 468. 
Polyzonium, 468. 
pomatia (Helix), 519. 
Pomatlop8is, 542. 
pompllius (Nautilus), 606. 
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pomum (Murex), 556. 
ponderosum 

(Campeloma), 544. 
Pontellldae, 344. 
Pontocypris, 355. 
Pontoporeiidae, 368. 
Porcellana8teridae, 627. 
Porcellio, 379. 
porcellus (Diurella), 241. 
Porella, 258. 
Porifera, 71. 
Porites, 146. 
port tea (Porites), 146. 
Porltldae, 146. 
Pork tapeworm, 201. 
Porocephalus, 457. 
Porpita, 123. 
portoricensls 

(Spongodes), 135. 
Portuguese man-of-war, 

124. 
Portunidae, 397. 
postica (Theatops), 476. 
Potamilla, 301. 
poterium (Campanularia), 

111. 
Pottsiella, 262. 
pratensls (Bryobia), 455. 
pratensls (Galumna), 443. 
Prawns, 386. 
pretlosum (Dentalium), 

491. 
Priapullda, 276. 
Priapulus, 276. 
prlmitiva (Protamoeba), 15. 
prlnceps (Architeuthls), 

611. 
prlnceps (Plumatella), 263. 
prlodonta (Asplanchna), 

236. 
Pristina, 809. 
Proalea, 238. 
Probopyrus, 381. 
proboscideum 

(Porocephalus), 457. 
Procerodes, 167. 
Procerodidae, 167. 
procurvua (Pleuroxus), 

837. 
producta (Eloactls), 142. 
profunda (Polygyra), 521. 
Proglottid, 189. 
Progoneata, 465. 
prollfer (Hybocodon), 102. 
prolifera 

(Acropora), 146. 
prolifera (Epiactls), 143. 
prolifera (Microciona), 84. 
prompta (Epeira), 426. 
Proneomenla, 484. 
Proneomenlldae, 484. 
Proneurotes, 211. 



Pronocephalidae, 181. 
Pronocephalus, 181. 
ProSstracon, 607. 
proplnqua (Bdelloura), 168. 
proplnquus (Cambarus), 

392. 
Propodlum, 479. 
Proporldae, 159. 
Prorodon, 51. 
Prosobranch gills, 529. 
Prosobranchlata, 528. 
Prosoma, 279. 
Prosorhochmldae, 210. 
Prosthlostomldae, 171. 
Prosthiostomum, 171. 
Prostomata, 181. 
Profitomium, 277. 
Protamoeba, 15. 
protea (Aplygla), 499. 
proteus (Amoeba), 16. 
Protobranchlata, 567. 
Protocnemes, 138. 
Protohydra, 92. 
Protomerite, 43. 
Protonemertinl, 205. 
Protopodlte, 326. 
Protozoa, 11. 
Protracheata, 462. 
prozlma (Nucula), 568. 
pruinoaa (Tubulipora), 

251. 
prulno8U8 

(Metoponorthus), 380. 
Pseudocytheretta, 356. 
pseudofellneus 

(Amphlmerus), 185. 
Pseudolamellibranchiata, 

573. 
Pseudopodla, 11. 
Pseudoscolex, 189. 
PBeudoscorplonida, 408, 

409. 
Pseudostigmatic organ, 

442. 
P8lttacea (Rhynchonella), 

268. 
Psolus, 650. 
psora (iEga), 375. 
Psoroptes, 440. 
Ptenoglossa, 535. 
Pteraster, 630. 
Pterasteiidae, 630. 
Pterocera, 549. 
Pterodlna, 239. 
Pterodlnldae, 239. 
Pterodrilus, 306. 
Pteropoda Gymnosomata, 

499. 
Pteropoda Thecosomata, 

498. 
Pterosagitta, 272. 
Pterotracheidae, 552. 



Ptilochcirus, 370. 
Ptychobothriidae, 194. 
Ptychodera, 654. 
Ptychoderidae, 654. 
pugilator (Uca), 400. 
pugilis (Strombus), 549. 
pugnax (Uca), 400. 
pulchella (Vallonia), 518. 
pulchellus (Cyclops), 346. 
pulcber (Trlchorbynchus), 

45. 
palcherrlma 

(Branchiobdella), 805. 
pulcherrima 

(Fredericella),262. 
pulcherrima 

(Holthuria),649. 
pulex (Dapbnla),<^35. 
Pulmonata, 506. 
Pulsating vaxraole, 12. 
pulvlaculus 

(Chlamydomonas), 86. 
pumicosa (Cellepora), 259. 
pumila (Sertularia), 106. 
punctata (Cribrillna), 256. 
punctata (Herpobdella), 

321. 
punctata (Nausithoe), 128. 
punctata (Plumatella), 263. 
punctatus (Octopus), 613. 
punctifera 

(Mallomona8), 85. 
punctoBtriatus (Acteon), 

496. 
punctulata (Arbacia), 643. 
Punctum, 523. 
pupa (Enchelys), 61. 
Pupilla, 515. 
Puplllidae, 515. 
Pupoides, 516. 
Purple star, 632. 
Purple sun-star, 630. 
Purpura, 556. 
pusilla (Natica), 538. 
pusllla 

(Scolopendrella), 466. 
pusillus 

(Dolichoglos8us), 655. 
pusillus 

(Trlchoniscus), 381. 
puslola 

(Hlppolyte), 387. 
pustulate ( 8 tyl onychia), 

63. 
pustulosa (Quadrula), 584. 
Pycnogonlda, 458. 
Pycnogonldae, 459. 
Pycnogonum, 459. 
pygmaea (Neptunea), 558. 
pygmffium (Punctum), 528. 
pygmffius (Dlnophllus), 

280. 
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pyramidata (Lingula), 267. 
Pyramldellidae, 553. 
Pyramldula, 522. 
Pyrenoids, 81. 
pyri (Erlophyes), 438. 
pyrlformls (Cynthia), 666. 
pyrlformls (Difflugla), 17. 
Pyrosoma, 671. 
Pyrosoma, 47. 
pyrum (Phacus), 32. 
Pyxldium, 66. 

QUADRANGULAR! S (Alona), 

337. 

quadians (Astarte), 577. 
quad rata (Phillne), 498. 
quadricornis 

(Lucernarla), 127. 
quadricornis (Noteus), 

240. 
quadridens 

(Monosta*chas), 109. 
quadridentatum 

(Sphfproma), 875. 
quadri partita 

(Tokophrya),69. 
quadri pea (Eriophyes), 439. 
quadrispinosa 

(Dlastylls),384. 
Quadruella, 18. 
Quadrula, 583. 
quadrumanus 

(Chlropsalmus), 129. 
Qua hog, 590. 
quaternaiium 

(^olosoma), 305. 
quatemarium 

(Spondylomorum), 36. 
qulnqueclrrha 

(Dactylometra), 130. 
quinquiesperforata 

(Mellita),645. 

rabida (Lycosa), 433. 
Rachlglossa, 554. 
Rachls, 137. 
Radial canal, 616. 
Radial shields, 634. 
Radlals, 619. 

Tadians (Dendrosoma), 69. 
radians (Slderastrea), 149. 
Radlata, 3, 4, 70. 
radiata (Lampsllis), 579. 
radlata 

(Lernecenlcus), 351. 
radicola (Ileterodera), 217. 
radieula (Vermetus), 548. 
Radlolarla, 24. 
radlosa (Amoeba), 16. 
radlosa (Eplcllntes), 61. 
radiosum 

(Dactylosphserlum), 16. 



Radius, 014. 

Radula, 480. 

ramoaa (Pyxldium), 66. 

ramosum (Eudendrlum), 

99. 
ranae 

(Echlnorhynchus), 229. 
ranarum (Opalina), 57. 
rang! (Holopus), 621. 
rapax (Callgus), 349. 
rapax (Pisclcola), 817. 
Raphldlophrys, 23. 
raplfornis (Paractls), 143. 
Rathkea, 98. 
rathkel (Porcelllo), 379. 
Rattulidae, 241. 
Rattulus, 241. 
ravenell (Branchelllon), 

318. 
Ray, 614. 
Razor clams, 595. 
recta (Lampsllis), 580. 
Red abalone, 532. 
Red coral, 135. 
Red spiders, 454. 
reflexa (Lymnsea), 509. 
refuscens 

(Dictyocaulus), 222. 
regina (Frederlcella), 262. 
regulosus (Nothrus), 443. 
relicta (Mysls),383. 
renale (DIoctophyme), 222. 
rencaplte 

(Pronocephalus), 181. 
Renlera, 83. 
Renifer, 185. 
reniformi8 (Potamllla), 

801. 
renlformis (Ren Ilia), 138. 
Renilla, 138. 
Renillidae, 138. 
repanda (Doris), 502. 
Respiratory tree, 646. 
Retlculariida, 19. 
reticulata (Cancellaiia), 

563. 
reticulata (Cerlodaphnla), 

335. 
reticulata (Limnicy there) 

357. 
reticulatus (Oreaster), 628. 
Retusa, 496. 
rctusa (Succinea), 519. 
Rhabdites, 157. 
Rhabdltis, 217. 
Rhabdocoela, 160. 
Rhabdoecellda, 160. 
Rhabdostyla, 66. 
rhadodactyla 

( Pleurobrachla) , 152. 
Rhagon type of sponge, 72. 
Rhegmatodes, 116. 



Rhlnopbore, 495. 
Rhlpidoglossa, 580. 
Rhlzocephala, 362. 
Rhlzocrlnus, 621. 
Rhlzogeton, 95. 
Rhlzoglyphus, 442. 
Rhlzomastigldae, 26. 
Rhlzomolgula, 665. 
Rhizopoda, 14. 
Rhlzostomae, 131. 
Rhlzota, 232. 
rhomboldes (Lepldodenna), 

243. 
Rhopalla, 126. 
Rhopalodlna, 646. 
Rhopilema, 181. 
Rhynchobdelllda, 817. 
rhyncoboli (Dollocystis), 

45. 
RhyncoboluB, 291. 
Rhynchobothriidae, 208. 
Rhynchobothrius, 208. 
Rhynchodemldae, 169. 
Rhynchodemus, 169. 
Rhyncholophidae, 454. 
Rhyncholophua, 454. 
Rhynchonella, 268. 
Rhynchonellldae, 268. 
Rhynchoscolex, 161. 
Rice shell, 560. 
rlclnus (Ixodes), 446. 
Ring canal, 616. 
ringens (Mellcerta), 288. 
riparia (Arglope), 425. 
rlparia (Dlplocardla), 812. 
Rlssoa, 541. 
Rlssoidae, 541. 
ritterl (Rhisomolgula), 

665. 
rl vails (Dlplogaster),217. 
River limpets, 518. 
rivuiarls (Ancylus), 518. 
rivulosa (Nais), 308. 
robusta (Idothea), 876. 
robnsta (Ophlura), 636. 
robusta (Polymastia), 79. 
robustum 

(Tetrarhynchobothrlum), 

203. 
robustus (Gordlus), 227. 
robustus (Scaloplos), 292. 
Rock barnacles, 861. 
Rock crab, 396. 
reessell (Stentor), 60. 
rosacea (Dlphasia), 107. 
rosalbum (Polyzonlum), 

468. 
rosea (Elsenia), 318. 
rosea (Euglandlna), 524. 
roseola (Bero€), 154. 
roseola (Leptosynapta), 

651. 
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roseola (Phllodina), 235. 

Rossla, 609. 

rostra turn (Loxophyllum), 

53. 
Rostellum, 189. 
Rostrum, in Cephalopoda, 

607; In Crustacea, 882; 

in Acarina, 436. 
Rotifer, 235. 
Rotifera, 230. 
Round clam, 590. 
Round-web spiders, 424. 
Round worms, 213. 
rubellus (Lumbricus), 818. 
rubeng (Brachionus), 240. 
rubens (Geophilus),474. 
rubens (Zygeupolla), 208. 
ruber (Hydryphantes),449. 
ruber (Lineus), 207. 
ruber (Llnotamla), 474. 
ruber (Plakopus), 16. 
ruber (Trachelas), 430. 
ruber (Trachydermon), 

488. 
rubiginosa (Quadrula), 584. 
rubra (Bol tenia), 667. 
rubra (Lepnea), 296. 
rubra (Thyone), 649. 
rubrum (Corallium), 135. 
rubrum (Stichostemma), 

212. 
rudls (Littorlna), 540. 
rufescens (Dlctyophyme), 

222. 
rufescens (Hallotls), 532. 
rugosa (Alasmidonta), 582. 
rugosa (Glossiphonia),319. 
rugosa (Sertularella), 106. 
rugosa (Stomatoca), 98. 
rugosum (Abotbrium), 195. 
runoinata (Salpa), 662. 
ryderi (Heteromeyenla), 

81.> 
ryderi (Mlcrohydra), 119. 

Sabilla, 300. 
Sabellarla, 303. 
Sabellldae, 300. 
Sabelliformia, 800. 
saocatu$ (Drassus), 419. 
Sacculina, 363. 
Sagartia, 144. 
Sagartiidae, 144. 
saginata (Tenia), 200. 
Sagitta, 272. 

salmon 1 (Davainea), 200. 
aalmonls (Discocotyle), 

176. 
Salpa, 661. 
salparum (Trichophrys), 

69. 
Salpingo**, 29. 



salpinx (Haliclystus), 127. 

Salticus, 435. 

aaltitans (Dasydytes), 244. 

Salt-water mites, 458. 

Salve bug, 375. 

sanborni (Chelanops),410. 

Sand bug, 893. 

Sand collar, 537. 

Sand crab, 399. 

Sand dollar, 644. 

sanguinea (Marphysa), 

290. 
sanguineus 

(Diaptomus),844. 
sanguineus 

(Enplobranchua), 296. 
sanguinolenta 

(Henrlcia), 629. 
sapidu8 (Callinectes), 898. 
sapotilla (Yoldia), 569. 
Sarcocystis, 48. 
Sarcodlna, 14. 
Sarcoptes, 440. 
Sarcoptidae, 439. 
Sarcosporidilda, 48. 
sarsi (Ophiura), 636. 
Baraia, 96. 
Sarsiella, 357. 

savlgnyi (Leptochela), 374. 
Saxlcava, 596. 
Saxlcavldae, 596. 
sayi (Panopeus), 897. 
sayi (Physa),511. 
Scab mite, 440. 
scaber (Porcellio), 380. 
scablel (Sarcoptes), 440. 
Scalaria, 585. 
Scalarlidae, 535. 
Scallops, 575. 
Scalpellum, 359. 
Scaphandridae, 497. 
Scapholeberls, 335. 
Scaphopoda, 490. 
scapularis (Ixodes), 446. 
Scaridium, 240. 
Scavenger mites, 443. 
scenicus (Salticus), 435. 
schachti (Heterodera), 217. 
Schlstocephalus, 198. 
Schistosoma, 187. 
Schisonemertea, 207. 
Schisopoda, 382. 
Schisoporella, 257. 
Schizotricha, 109. 
schlosserl (Botryllus), 669. 
Scleroblasts, 73. 
Scoleciformla, 298. 
BcolecolepU, 298. 
Scolex, 189. 
8colopendra, 475. 
Scolopendrella, 466. 
Scolopendrellldae, 465. 



Scolopendridae, 474. 
Scoloplos, 292. 
Scolopocryptops, 476. 
Scorplonlda, '404. 
Scorplonidae, 405. 
Scutellidae, 644. 
Scutibranchlata, 629. 
Scutigera. 477. 
tcutigera (Salpa), 662. 
Scutigerella, 465. 
Scutigeridae, 477. 
Scutovertex, 448. 
scutulata (Lycosa), 488. 
Scutum, In cirripeds, 860; 

in ticks, 445. 
Scylhea, 500. 
Scyllsidae, 500. 
Scyphistoma, 125. 
Scyphomedusae, 125. 
Scyphosoa, 125. 
Scytonotus, 472. 
Sea-anemones, 139. 
Sea arrows, 610. 
Sea beef, 486. 
Sea cucumbers, 646. 
Sea-fans, 186. 
Sea feathers, 137. 
Sea-fir, 107. 
Sea hares, 499. 
Sea-lilies, 619. 
Sea mouse, 284. 
Sea peach, 666. 
Sea pens, 188. 
Sea polyp, 618. 
Sea pork, 670. 
Sea potato, 667. 
Sea-slugB, 500. 
Sea spiders, 458. 
Sea-urchins, 638. 
Sea whips, 135. 
Secondary flagellum, 868. 
secunda 

(Sticbotricha),61. 
sedentaria (Phronima), 

866. 
Segmentina, 513. 
SemaM>8toineae, 129. 
Semelidae, 589. 
seminuda (Odostomia),554. 
senegalensis (Luldla), 627. 
senta (Hydatina), 287. 
Sepia, 608. 
Sepildae, 608. 
Sepiolidae, 608. 
Seplophora, 608. 
Septa, 145. 
septentrionalis 

(Terebratulina), 269. 
Septlbranchiata, 601. 
Sergiolus, 419. 
sericeum (Trombldlum), 

454. 
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serpentina (Pristlna), 809. 

Serpulidae, 802. 

•errata (Tenia), 201. 

Berratoa (Polydesmus),471. 

aerratua (Polydesmus) , 472. 

Serrlpes, 598. 

Serrula, 409. 

serrulatus (Cyclops), 847. 

serrnlatns 

(Simocephalus), 886. 
Sertularella, 106. 
Sertularla, 106. 
sertularla (Dlnobryon), 85. 
Sertularlldae, 105. 
setacaudatus 

(Tortanus),845. 
Setae, 277. 

setifera (Latona), 834. 
setiferus (Peneus), 388. 
setlgera (Uronychla), 64. 
setlgerum (Loxophyllum), 

58. 
setosa (Ampharete), 296. 
setosa (Splo), 293. 
aetoaum (Diodema), 643. 
sexpunctatus (Dolomedes), 

432. 
sexsplnosa 

(Scolopocryptop8), 476. 
Sheep's wool sponge, 85. 
Ship worms, 598. 
Shrimps, 886. 
sicula (Appendicular!*), 

658. 
Slda, 333. 
Siderastrea, 149. 
siderea (Siderastrea), 149. 
Sididae, 833. 
Sigaretus, 538. 
eiglsmundl (Echlniscus), 

458. 
sigmoides (Metopus), 58. 
Sigmurethra, 514. 
aignatua (Cyclops), 347. 
sigsbei (Phormosoma), 642. 
Siliqua, 595. 

Billqua (Cyrtodarla), 597. 
similis (Oithona), 347. 
slmiloplexus 

(Pneumonceces), 186. 
Slmocephalus, 335. 
aimplev (Anomia), 570. 
simplex (Mastigamoeba), 

27. 
simplex (Nnclearia),22. 
simplex ( Bhyncholophus) , 

454. 
simplex (RhynchoscolbX), 

161. 
slmpll88ima (Planar la), 

166. 
sincera (Valvata), 545. 



Single-celled Animals, 11. 
sinuosa (Meandrina), 149. 
Siphon, In cephalopods, 

602; in gastropods, 492, 

529 ; in pelecypods, 568 ; 

In tnnlcates, 663. 
Slphonal canal, 529. 
Siphonodentaliidae, 491. 
Siphonodentallum, 492. 
Slphonoglyph, 132. 
Siphonophora, 121. 
Siphonosoma, 274. 
Slphonosooids, 187. 
Siphuncle, 605. 
Slpuncullda, 273. 
Sipunculoidea, 272. 
sipanculoldes 

(Edwardsiella),140. 
Sipunculus, 274. 
slro (Tyroglyphus),442. 
Six-hooked embryo, 190. 
Skenea, 543. 
Skeneldae, 543. 
Sleeping sickness, 80. 
Slime sponges, 86. 
Slipper-animalcules, 56. 
Slugs, 526, 527, 528. 
Sluiteri (Proneomenla), 

484. 
Small spider crab, 896. 
Smittina, 258. 
Snails, 492. 
Snout mites, 453. 
soclalla (Enchytreus), 307. 
soclalis (Lacinularia), 234. 
socialls (Lineus), 208. 
sociatus (Zoanthus), 141. 
Soft-shell clam, 594. 
sol (Actlnophrys),22. 
Solaster, 680. 
Solasteridae, 680. 
Solemya, 569. 
Solemyidae, 569. 
Solenidae, 595. 
SolenogaBtres, 483. 
Solcnomyo, 569. 
Solifugae, 408. 
solitaria (Hamlnea),497. 
solitaria (Pyramidula), 

522. 
solium (Taenia), 201. 
solidlssima (Mactra), 589. 
Solpugida, 408. 
Solpugidae, 408. 
solstitialis 

(Trochosphera), 236. 
Somatogyrus, 542. 
sordlda (Proales), 288. 
Sow-bugs, 878. 
sowerbl (Craspedacusta), 

119. 
spadicea (Cypr«ea),560. 



Sparganophilus, 812. 
Spatangidae, 645. 
Spatangoida, 645. 
speciosa (Manayunkia), 

301. 
spectabilis (Tubularla), 

103. 
Sperm sac (in Ollgochjeta), 

303. 
Spermatheca, In Oligodueta, 

303; in gastropods, 519. 
sptuericus (Pa rati gaa tea), 

848. 
Spherldla, 639. 
Sphsrium, 586. 
8pheroma, 375. 
Sphaeromldae, 375. 
Sph&rophrya, 67. 
sphierula (Theridula), 421. 
Sphsrularia, 217. 
spherlcus (Chydorus), 837. 
Sphyranura, 176. 
Spicules of sponges, 78. 
Spider crabs, 395. 
Spider webs, 415. 
Spiders, 413. 
Spindle muscle, 278. 
splnea (Acrosoma), 426. 
Spinnerets, 414. 
spinosa (Chlldla),159. 
splnosus (EJurypauropus), 

467. 
Splntharus, 421. 
Spinulosa, 628. 
spinulosa (Piona), 451. 
splnulosu8 (Echlnaster), 

630. 
Spiny lobsters, 392. 
Spiny rock shell, 555. 
Splo, 293. 
Spionidae, 292. 
Spioniformla, 292. 
Spiracle, 403. 
Spiral staircases, 585. 
spiralis (Cirrlpathes), 139. 
spiralis (Trichinella), 221. 
Spire (in snail shells), 506. 
Splrobolus, 470. 
Spirocheta, 26. 
Splrochetida, 26. 
Spirochetidae, 26. 
Splrorbis, 302. 
splrorbis (Splrorbis), 302. 
Spirostomum, 58. 
Splrula, 607. 
Spirulidae, 607. 
Spiaula, 589. 
spitsbergensis 

(Terebratella),269. 
Spondylomorum, 36. 
spongeliformis 

(Cacospongla), 85. 
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Sponges, 71. 
Spongiarla, 71. 
Spongidae, 84. 
Spongilla, 81. 
Spongillldae, 80. 
Spongin, 72. 
Spongioblasts, 73. 
Spongodes, 185. 
Sporont, 43. 
Sporosac, 01. 
Sporozoa, 42. 
Spotted fever, 47. 
Spotted fever tick, 447. 
squama ta (Amphipholla), 

637. 
squamatus (Lepidonotus), 

285. 
squamosus (Chiton), 400. 
Squids, 608. 
Squilla, 383. 
stagnalls (Glosslphonia), 

310. 
stagnalis (Lymraea), 509. 
stamineum (Spluerium), 

586. 
Starfish, 623. 
Statoblast, 240. 
Stanromedusae, 126. 
Stauronereis, 201. 
Steatoda, 420. 
steenstnipl (Myxicola), 

801. 
steinl (Colaclum), 32. 
stelnl (SalpingxBca),20. 
stella (Bun odes), 143. 
stellata (Acantbodoris), 

502. 
stel latum (Amaroucium), 

670. 
stelleri (Cryptochiton), 

480. 
stenolepis (Mysls), 383. 
Stenophora, 44. 
Stenostomum, 161. 
Stentor, 50. 
Stentoridae, 50. 
Stephanoceros, 233. 
Stephanochasmus, 184. 
Stephanops, 240. 
Stephanosphsra, 37. 
stercoralis ( Strongyloses) , 

218. 
Sternum, In scorpions, 405 ; 

in spiders, 414. 
SthenelaU, 285. 
Stichaster, 631. 
Stichasteiidae, 631. 
Stlchocotyle, 178. 
Stichostemma, 212. 
Stichotricha, 61. 
stiedae (Eimeria), 46. 
Stigmal plate, 444. 



Stilif er, 404. 

stlmpsonl (Calllanassa), 

380. 
stimpsoni ( Stylif er) , 553. 
Btolli (Thyas),450. 
Stolonifera, 184. 
Stoloteuthis, 608. 
Stomatopoda, 883. 
Stomolophus, 181. 
Stomotoca, 08. 
Stone canal, 016. 
Stony corals, 145. 
strangulata (Dlpurena), 96. 
Streptoneura, 528. 
Streptoneurous gastropoda, 

403. 
striatinum (Spluerium), 

586. 
striatum (Crucibulum) , 530. 
Strigea, 188. 
strix (Bpeira),425. 
Stroblla, in Scypbomedsae, 

125 ; in Cestodes, 180. 
Strobilops, 517. 
strombi (Phascolion),276. 
Strombidae, 548. 
Strombidium, 60. 
Strombus, 548. 
Btrtimi (Nymphon), 461. 
str5mi (Scalpellum), 360. 
BtrOmi (Terebellldes), 205. 
Strongylidae, 221. 
Strongylocentrotldae, 643. 
Strongylocentrotus, 643. 
Strongyloses, 218. 
Strongylus, 223. 
Strophitus, 581. 
Study of Animals in Amer- 
ica, 5. 
sturionis (Dichelestium), 

350. 
sturionis (Nltzschia), 174. 
Styela, 666. 

Btygla (Cecldotea), 377. 
Stylactis, 100. 
Stylarla, 300. 
Stylets, 204. 
Stylif er, 553. 
Stylochus, 170. 
Stylommatophora, 514. 
Stylonychia, 63. 
Stylotella, 84. 

subcarlnata (Lioplax), 544. 
Subcbelate appendage, 363. 
8ubcuticula, 214. 
subcyllndricus 

(Porocephalus), 457. 
subdepressus (Clypeaster), 

644. 
Subdivisions of the Animal 

Kingdom, 0. 
suberea (Buplectella), 77. 



Suberites, 70. 
Suberitidae, 70. 
Subgenital pockets, 126. 
subglobosus 

(Somatogyru8), 542. 
Bublata (Dictyna),418. 
sublevls (Lepldonotua), 

285. 
sublevls (Rossia), 600. 
Submytllacea, 576. 
Subneural gland, 660. 
8ubsal8U8 (Limnodrilus), 

311. 
Bubsolidum (Campeloma), 

544. 
subulare (Pleurocera), 647. 
Subumbrella, 88. 
Succinea, 518. 
Succlneidae, 518. 
Suctoria, 67. 

sulcatum (Entoslphon), 84. 
sulcatum (Spluerium), 586. 
Sulphur sponge, 80. 
sulphurea (Ancula), 501. 
sulphurea (Cliona), 80. 
sultana (Frederlcella), 262. 
Summer eggs, 320. 
Sun-star, 630. 
superba (Cynthia), 667. 
superclllaria 

(Bougainvillia),07. 
suppressa (Gastrodonta), 

526. 
Supra-oral organs, 205. 
Surra, 30. 
Suture, 506. 

8wain8oni (Mitra),560. 
Swimmeret, 363. 
Swimming crabs, 307. 
Sycon type of sponge, 72. 
Syllldae, 286. 
Syllis, 287. 
sylvaticuB 

(BhynchodemuB), 160. 
aylvestris (Amaurobius), 

418. 
symmetrica (Quadruella), 

18. 
Symphyla, 465. 
Synapticula in Madrepora- 

rla, 140; in Balanoglos- 

sida, 654. 
Synaptidae, 650. 
Synccelldium, 168. 
Syncoryne, 06. 
Synemosyna, 436. 
Syngamus, 222. 
Synura, 35. 
syringa (Calycella), 112. 

Tabulab, 145. 
Tenia, 200. 
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Tenia osnurus, 202. 
Tania echinococcus, 202. 
Tamiarhynchua, 200. 
Tenlidae, 200. 
Tenloglosaa, 586. 
tenioldes (Linguatula), 

457. 
Tagelus, 596. 
Talorchestla, 867. 
talpolda (Hippa),398. 
tamesls (Spargamophllus), 

812. 
Tamoya, 129. 
Tanaldae, 378. 
Tanais, 373. 
Tanystylum, 460. 
Tape worms, 189. 
Taphrocampa, 238. 
Tarantula, 407. 
Tarantulldae, 407. 
Tardlgrada, 457. 
tardigradus (Rotifer), 235. 
taylori (Leucandra), 77. 
Tealia, 143. 
Tectlbranchlata, 496. 
Teeth (In the radula), 480. 
Tegenarla, 431. 
Tegmentum, 484. 
Teleoplacophora, 489. 
Telllna, 588. 
Telllnacea, 587. 
TeUlnldae, 587. 
telllnoldes (Cumingla), 

589. 
Telosporldla, 42. 
Telson, 327, 863. 
Temora, 342. 
temporatus (Dlplodlscus), 

182. 
tenebroaut (Dolomedes), 

432. 
tenella (An ted on), 622. 
tenella (Clona),667. 
tenella (Schisotrlcha), 109. 
tenella, Telllna, 588. 
tenella (Tubular la), 103. 
tenera (Asterlas), 632. 
tenera (Telllna), 588. 
tenosperma (Carterius), 82. 
tenta (Macoma), 688. 
Tentaculata, 151. 
tentaculata (By thin la), 

542. 
Tentaculocysts, 126. 
tenue (Eudendrlum), 99. 
tenuis (iEquorea). 116. 
tenuis (Kowalevskla), 659. 
tenuis (Lumbrlnerels), 290. 
tenuisslmum (Trichosoma), 

221. 
tenulsulcata (Leda), 569. 
tepldarlorum (Therldion), 

422. 



Terebellldae, 294. 
Terebellides, 295. 
Terebelllformla. 293. 
Terebra, 561. 
terebrans (Ceiithlopsls), 

546. 
terebrans (Chelura), 872. 
Terebratella, 269. 
Terebratulldae, 268. 
Terebra tullna, 269. 
Terebiidae, 561. 
Teredldae, 598. 
Teredo, 598. 

teres (Splrostomum), 58. 
Terglpes, 505. 
Tergum, 360. 
termo (Olkomonas), 2T. 
ternata (Menlpea), 253. 
terrestrls (Lumbrlcus), 

313. 
Terrlcola, 168. 
terricola (Rhabdltls), 217. 
Test (in sea-urchins), 638. 
Testacea, 481. 
Testacella, 524. 
Testacellldae, 524. 
Testlcardlnes, 268. 
testudlnalls 

(Acma?a), 530. 
testudlnaiia 

(Graptoleberls), 337. 
testudo (Echlnlscus), 458. 
Tethya, 79. 
Tethyldae, 79. 
Tetrabranchlata, 605. 
Tetractinellida. 78. 
tetradra (Elseniella), 314. 
Tetragnatha, 427. 
Tetranychidae, 454. 
Tetranychus, 455. 
Tetraphyllldea, 195. 
Tetrapneumones, 416. 
Tetrarhynchobothrium, 

203. 
Tetra8temma, 212. 
Tetrastemmldae, 211, 212. 
texana (Scolopendrella), 

466. 
Texas cattle tick, 446. 
Texas fever, 47. 
ThaUuaarchna, 458. 
Thalassema, 316. 
Thalasslcolla, 24. 
Thalassicollldae, 24. 
Thalas8lnldea, 388. 
Thalia, 662. 
Thallacea, 660. 
Thaumantildae, 117. 
Theatops, 475. 
Theca, 146. 
Thecosomata, 498. 
Thelepua, 296. 



Thelphusa fluviatlils, 394. 
Thelypbonldae, 407. 
Thenea, 78. 
Tbeneldae, 78. 
Theridldae, 420. 
Therldion, 422. 
Therldula, 421. 
ThinodrUu*, 811. 
Thomlsldae, 427. 
thompsonl (Amphorlacvs), 

77. 
thompsonl (Teredo), 699. 
Thoradca, 859. 
Thoracostraca, 382. 
Thorax, in arthropods, 323 ; 

in ascidians, 668. 
Thracia, 601. 
thractarformla (Toldla), 

569. 
Threadworms, 214. 
Thuiarla, 107. 
thuja (Thuiarla), 107. 
Thyas, 450. 
Thyone, 649. 

thyroides (Polygyra), 622. 
Thysanosoma, 199. 
tiarella (Pennarla), 101. 
Tiaropsis, 114. 
Tlbellus, 429. 
Ticks, 445. 

Tiedemann's resides, 617. 
tigrls (Diurella),241. 
Tima, 116. 
tlntinnabulum (Balanus), 

362. 
Tlntlnnldae, 60. 
Tlntinnopsls, 60. 
Tintinnns, 60. 
Tmarus, 428. 
Toad crab, 896. 
Tonlcella, 487. 
Tokophrya, 69. 
tonsa (Acartia),346. 
Tooth papillae, 684. 
Tornaria, 654. 
Tornatlna, 497. 
Tornatinldae, 496. 
torquata (Clymenella), 299. 
Tortanus, 844. 
torva (Planarla), 166. 
Toxogloasa, 661. 
Towopneustes, 643. 
Trachea, 403. 
trachealls (Syngamna), 

222. 
Tracheata, 461. 
Trachelas, 480. 
Trachelinidae, 62. 
Trachelocera, 62. 
Trachelomonaa, 32. 
Trachomedusae, 11T. 
Trachydermon, 488. 
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tranquilla (Trachelas), 

480. 
translucida ( Gorgoderina ) , 

186. 
transversa (Area), 571. 
transversa (Argiope), 425. 
transversa (Terebratella), 

269. 
Trap-door spiders, 416. 
tremaphoros (Carlnoma), 

207. 
Trematodes, 171. 
Trepang, 647, 648. 
Treponema, 26. 
Triarthridae, 287. 
Trlaxonia, 77. 
tribnloldes (Bucidarls), 

642. 
trlcarlnata (Valvata), 545. 
Trichina, 221. 
Trlchinella, 221. 
Trlchlnellldae, 220. 
Trichinosis, 221. 
trichiura (Trichurls), 220. 
Trichocephahu dispar, 220. 
Trlchocyst, 48. 
Trichodlna, 65. 
Trichodrilus, 811. 
Tricbonl8cldae, 881. 
Trlcbonlscus, 881. 
trlchopborum (Peranema), 

83. 
Trichophrya, 69. 
Trichorhynchus, 44. 
Trichosoma, 221. 
trlchota (Urostyla),61. 
Trichnrls, 220. 
Trlcladida, 164. 
tricolor ( Adamsia) , 144. 
trlcuspidata (Sertularella), 

106. 
Tridacna, 592. 
trldentata (Polygyra), 521. 
trifasclata (Argiope), 425. 
trifida (Odostomla),554. 
trifolium (Epelra),426. 
Triforis, 546. 

trigonum (Argyrodes), 421. 
trlgnttatus (Xysticus), 

428. 
trillneata (Clidlophora), 

600. 
triloba (Edotea), 877. 
Triops, 881. 
TripneuHtes, 648. 
tripos (Ceratlum),41. 
trlpus (Notommata), 238. 
trlsplnosa (Cavolinla), 498. 
trlsplnosa (Smlttlna), 258. 
tristls (Cbelanops), 410. 
Trlstoma, 174. 
Trlstomidae, 173. 



Tritia, 558. 

tritlci (Tylencbns),218. 
Triton, 551. 
Tritonldae, 551. 
Tritonloidea, 500. 
tritonls (Triton), 551. 
Trivia, 550. 

trlvittata (Nassa), 558. 
trivolvis (Planorbls), 512. 
Trochelmlnthes, 230. 
Trochidae, 532. 
Trocbophore larva, 279. 
Trochosa, 433. 
Trochosphera, 286. 
Trochosphieridae, 286. 
Trocbns, 532. 
Trombidlldae, 458. 
Trombldlum, 454. 
Tropbi, 281. 
Trophonla, 800. 
Trophosome, 90. 
Trophozooid, 150. 
truncata (Cyathomonas), 

36. 
truncata (Euglandina), 

624. 
truncata (Mya), 594. 
truncata (Notommata), 

238. 
truncata (Pbolas), 598. 
truncatella (Buraaria), 59. 
truncatus 

(Cyathocephalus), 194. 
truncal us (Murex), 555. 
tryonl (Ommastrephes), 

610. 
Trypanorhyncha, 202. 
Trypanosoma, 30. 
Trypanosomatlda, 80. 
Trypanosomidae, 80. 
Tube foot, 616. 
Tubella, 81. 

tuberculatus (Chiton), 489. 
tuberoaa (Adneta), 68. 
tuberosa (Cassia), 651. 
Tublfex, 310. 
tublfex (Tublfex), 310. 
Tubiflcidae, 810. 
Tubular! a, 103. 
Tubulariae, 98. 
Tubularildae, 103. 
Tubullpora, 250. 
Tubullporidae, 250. 
Tubulus marinus, 490. 
tumlda (Gastranella), 589w 
Tunic (In Tunlcata), 665. 
Tunica ta, 655. 
tunlcata (Katharina), 489. 
Turbellaria, 157. 
Turbinellldae, 559. 
Turbinldae, 538. 
Turbinollidae, 147. 



Turbo, 583. 

turbo (Urocentrum), 55. 
Turbonllla, 553. 
turrita (Bugula),254. 
TurritelU, 648. 
Turritellldae, 647. 
Turrltopsis, 102. 
Turtonla, 585. 
Tylenchus, 218. 
Typhloplana, 163. 
Typboplanldae, 162. 
typlcus (Centropages), 342. 
Tyrean purple, 555. 
Tyroglyphldae, 441. 
Tyroglyphus, 442. 

Uca, 399. 
Ulmaridae, 130. 
Uloborldae, 417. 
Uloborus, 417. 
umbellatum 

(Codonocladlum), 29. 
Umbilicus (in snail shells), 

492,506. 
Umbo, 564. 
umbraticus (Geophilus), 

474. 
undata (Astarte), 677. 
undata (Pisaurina),432. 
undatum (Bucclnum), 558. 
undulans (Blepharlsma), 

58. 
undulata (Alasmldonta), 

682. 
undulata (Margarita), 583. 
undulata (Quadrula), 584. 
unguiculata (Iinuche), 

128. 
ungulata (Gathypna), 241. 
Unlcola, 871. 
unicornis (Conochilus), 

234. 
unicornis (Schlsoporella), 

257. 
Unlo, 588. 
Unlonlcola, 451. 
Unionldae, 678. 
Unlvalvla, 481. 
urceolata (Difflugla), 17. 
urceolata (Maldane), 298. 
Urceolus, S3. 
Urnatella, 247. 
Urnatellidae, 247. 
Urocentridae, 55. 
Urocentrum, 56. 
Urochorda, 5. 
Urochordata, 666. 
Uroglena, 36. 
Uroleptus, 62. 
Uronema, 55. 
Uronycbla, 64. 
Uropod, 878. 
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Uropoda, 444. 
Urosalplnx, 556. 
Urostyla, 61. 
Urotrlcna, 51. 
ova (Valkeria),261. 
uvella (Synura),35. 
uvellum (Polytoma), 37. 

Vacuolb, (In Rotifers), 

231. 
vaga (Dero) t 300. 
vagans (Biomyxa), 19. 
valida (Amphithoe),371. 
Valkeria, 261. 
Valkeriidae, 261. 
Vallonia, 518. 
Valloniidae, 518. 
Valvata, 545. 
Valvatidae, 544. 
Varapyrella, 22. 
vancouverensls 

(Circinaria),524. 
variabile 

(Echenelbothrlum), 197. 
variabile (Pisidium), 587. 
variabilis (Cittotamia), 

198. 
variabilis (Dermacentor), 

447. 
variabilis (Leptoplana), 

170. 
varians ( Autolytus) , 287. 
varlegata (Strigea), 188. 
variegata (Turritella), 548. 
varlegatus (Lytechlnus), 

643. 
variegatus (Sergiolus), 

420. 
varius (Paragordius), 227. 
vatia (Misumena), 428. 
vegitans (Anthophysa), 28. 
vegitans (Uropoda), 445. 
Vejovldae, 405. 
Vejovis, 405. 
Velarium, 128. 
Velella, 123. 
Velellidae, 123. 
Veliger larva, 481. 
Velum, 88. 

velum (Solemya), 669. 
Velutlna, 538. 
Velvet sponge, 85. 
Veneracea, 590. 
Venerlcardia, 577. 
Veneridae, 590. 
veneris (Cestum), 153. 
ventricosa ( Harpa ) , 561. 
ventricosa (Lampsills), 

580. 
ventricosa (Vertigo), 517. 
ventrlcosum (Liobunum), 

412. 



Venus, 590. 
Venus' girdle, 153. 
venustum (iEolosoma), 

305. 
venustus (Dermacentor), 

447. 
venustus (Julus),469. 
Vermes, 155. 
Vermetidae, 548. 
Vermetus, 548. 
Vermicularia, 548. 
vermicularig (Oxyurls), 

225. 
vermlculum 

(Tetrastemma), 212. 
vernalis (Branchipus), 330. 
vernalis (Holostlcha), 62. 
verrilli (Halacarus), 453. 
verrilli (Bhopilema), 131. 
verrucaria (Lichenopora), 

251. 
verrucosa (Amoeba), 16. 
verrucosa (Mastigamoeba), 

27. 
versicolor (Argulus), 352. 
versicolor (Cyanea), 130. 
versicolor (Brgasllus), 349. 
versicolor (Xystlcus), 428. 
Vertebrata, 2, 5. 
vertens (Gonlonemus), 118. 
verticillata 

(Campanularia), 111. 
verticil latum 

(Calllobothrium), 195. 
Vertigo, 516. 
veslcaudus 

(Cephalogonimus), 186. 
Vesicula seminalis, 303. 
Veslcularildae, 260. 
vesicularis (Heterakis), 

225. 
vesicularis (Plumatella), 

263. 
Vesiculate sense organs, 89. 
Vestibule, 246. 
vestita (Amlcula), 489. 
vetulus (Slmocephalus), 

835. 
vibex(Nassa),557. 
Vibraculum, 249. 
vidua (Cypridop8ls),355. 
villosa (Pelomyxa), 15. 
vincta (Lacuna), 541. 
Vinegar eel, 217. 
Vinegar roan, 407. 
Virbius, 387. 
virens (Cyprls), 354. 
virens (Nereis), 288. 
vlrescens ( Zygonemertes ) , 

211. 
virgatum (Conchoderma), 

861. 



vlrgatus (Julus),469. 
vlrglnlca (Ostrea),574. 
virglnlca (Goniobasls), 547. 
virginlen8l8 (Fontarla), 

472. 
vlridata (Typhloplana), 

163. 
viridis (Cyclops). 346. 
viridis(Ensl8),595. 
viridis (Euglena),S2. 
viridis (Eutreptia), 32. 
viridis (Hydra), 92. 
viridis (Laonlce), 293. 
rtrfcffe (Lineus), 207. 
viridis ( Perophora) , 668. 
viridis {Platygyrv) , 149. 
virldisslma (Hydra), 92. 
vlrills (Cam barns), 392. 
Visceral mass, 478. 
vitls (Erlopbyes),439. 
Vitrea, 525. 

vitrea (Plumatella), 263. 
vitreum (Anisonema) ( 33. 
Vitrina, 525. 
vlttata (Philoscia), 379. 
vlttatum (Liobunum), 412. 
vittatum (Tetrastemma), 

212. 
vlvax (Plasmodium), 47. 
vivldug (Cystobranctaus), 

318. 
Vivlpara, 544. 
Viviparldae,543, 544. 
volcano (Fissurella), 531. 
volubilis (Campanularia), 

111. 
volupis (Dlctyiia),418. 
Volvocina, 87. 
Volvox, 39. 

vol vox (Conochilos), 234. 
Vortew, 162. 
Vorticella, 65. 
Vortlcellidae, 64. 
vulgare (ArmadiUldlum), 

380. 
vulgare (Scalpellum), 360. 
vulgaris (Arcella), 18. 
vulgaris (Aaterias), 632. 
vulgaris (Crangon),386. 
vulgaris (Hydra), 92. 
vulgaris (PalAmonetes), 

387. 
vulgaris (Phylodromus), 

428. 
vulgaris (Rotifer), 235. 
vulgaris (Sabellarla),S03. 

wOcotti (Frederlcella), 

262. 
Waldhelmia, 269. 
wardii (Mesostoma), 163. 
warren! (Procerodes), 167. 
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Water bears, 457. 
Water fleas, 333. 
Water mites, 447. 
Watervascular system, 614. 
Wentletraps, 635. 
westermanl 

(Paragonlmus), 184. 
wbeatlandl (Procerodes), 

167. 
Wheel animalcules, 230. 
wheeled (Bdelloura), 168. 
wheeler! (Koenenia), 406. 
Whelks, 558. 
Whip scorpions, 407. 
whltel (Dlplocentras) , 406. 
whltel (Tarantula), 407. 
wllsoni (Plagiostomum), 

164. 



Winter egg, In phyllopods, 
329 ; In rotifers, 231. 

Wolf spiders, 432. 

wrzesnlowskli (Lionotus), 
53. 

XlPHOSURA, 400. 

Xylotrya, 599. 
Xysticus, 428. 

Ybllow back, 580. 
Yellow sponge, 85. 
Yoldla, 568. 

ypsilophora (Unlonicola), 
451. 

Zanclba, 96. 
Zilla, 426. 
Zirphea, 598. 



Zoantharia, 138. 
Zoantheae, 141. 
Zoanthus, 141. 
sonarla (Salpa), 662. 
sonata ( Lima pontla), 506. 
Zonitldae, 524. 
Zonitoldes, 525. 
Zoobb, 394. 
Zooeclum, 245. 
Zoophyta, 3, 4, 70, 89. 
Zoothamnium, 66. 
Zooxanthellae, 24. 
Bosterlcola (Sarslella), 357. 
sostericola (Vlrblus), 387. 
Eygeupolla, 208. 
Zygob ranch lata, 530. 
Zygodactyla, 116. 
Zygonemertes, 211. 
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